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ITEPIEXOMENA 7

Ilepiindm

Y& éva oVoTNUA TOANATAGDY TEAXTOPWY, UTAPYOLY TEAXTOPES ToL Y peldlovTal UNNEEGLeg TOU
TS TaPEYoLY dAhot, alhd dev Yvwpllouy molog mpdxTopac mapéyel mola umneecta. YmoOé-
TouuE GTL éyouue wia adduntn Tpooéyyion opotiuwy (peer-to-peer) émou o xdbe mpdxTopac
dtatnpeet wta Tomuxy| cache mou mepiéyet eyypagéc yia k unnpeoieg, dnhad yia xdbe urnpeotia
anofnxeder to mou Oa Bpel Tov mpdxTopa mou TNV maEéxel. ‘Oung, 6tav évag mpdxTopac N
uta uTnpeato YeTaxtveltal oL eyypapéc autés uévouy avevnuépwtes. 'Etol, mpotelvouue évay
apLOud and TOMTIXES EVNUEPWOTNG TV EYYRAPAOY auThY, Tou PacilovTal oTtoug emdnuixoig
ahyoplBuoug push xou pull. EmnAéov, Oa enextaboldue otov touéa tng dnutovpyiag xa ou-
VThpNoNe avilypdgny ot éva 8ixtuo ouotiumy. Oa eZetdoovue twg ol alydpfuol push/pull
umopolyv va ypnotdonownfoly Gote va tpooeyyioouue Tov BEATIoTO aptbud avtiypdpwy xdbe
AVTIXELWEVOU, OAAG XL TO Twg UTopoly va yenotdonotnfoly HoTe Vo XpaTHoOLUE Ta avTi-

Yeopa autd cLVERY) ueTal) TOUG HTAV UTAEYOLY AAAAYES.
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Kegpdiaro 1

Etcoyoyn

H apyttextovind Tou emxpatoloe oto Internet mpwv tnv eugdvion tov dxténv opotiuwy!
/4 z z Ié 4 ° /7 Ié
fitav Boaoctouévn oto povtého neldtn-eunnpéty (client-server). Yfuepa, ue v eugdvion
0NoévaL YPNYOPOTEPWY XaL GLUVEYNOS EVEPYXY CUVdEcEWY oTo internet (always on) éyel ava-
detybel éva véo eldog StacVUvdeonc. H olvdeon mAéov yivetar atouxd petald twv client.
Avtl va xaloVue auth Tnv emxowvwvia client oe client tnv xalolue peer-to-peer. To Bi-
xtuo P2Peivan wa véa Slaovvdeon mou emxahintel Tic anhéc ouvdéoelc Tou internet (overlay
Vé ’ A Zz /7 Ié
network). [evixd, ota dixtua peer to peer xdfe ouvuuetéywy xéuBoc dpa xou we mEAdTNG
z z z Ié Ve I4 ’ ’ /7
oM %o wg edunneétng (servent) mapéyovtac xdmotoug tépoug B unnpeoies. ‘Eva Baoixd
YapoxTnELoTxd Twv dxtiwy P2Pelval to Suvauixd nepiBdhhov Aettovpylag, 4t dnAadn ot
4 4 /7 4 Ié Ve /7 4 Ve
peers umopolyv va cuvdeholy B va armocuvdeboly avd ndoa otiyun. Emmiéov, dev undpyet
%xdmoLa xABOAXY YVHON Yl 60 TO GUGTNUA OTKS VLo TAPASELY U TO TOCOL Peers LAY oLV

1 TL UTNEEGieg TPOGYEPEL O XUDEVAC.

Ta ovotiuata P2Péyouv avantuylel moAd ta tedeutaia ypdvia xat €yivay YVOOTA xupleg
UETE TNV EUPAVLOY TWY TPGOTWY GUOTNUATOY aviallayfhc povoxdy apyelov (m.y. Nap-
ster [1]). XAuepa undpyel uior TANBGEA EPAPUOYDY TOL EXUETAANEVOVTAL TNV APYLTEXTOVLXN
P2Pénwe yia mopddelypo CUGTAUATA XATAVEUNUEVKDY UTOAOYLOUMY, ACPAAELNS, UTNEEGLES

AVTOAAAYHS UNYUUAT®Y, avTaAlaY g apyelwy XTA.

6o T amoxaholyue ue tov ayyhixé 6po peer-to-peer ¥ P2P



10 Ewoayoy

"Eva obotnua tolanhédy tpaxtépny (MAS-multi agent system) eivon évar dixtuo and mpd-
ATOPES TOL GLVERYALOVTAL YLA VA TROGPEROUY XATOLAL XATAVEUNUEYY UTNeesia 1) VoL eTLAOGOLY
éva TpoBAnua Tou dev Oa unopoloe va To Aoel évag uévo xéuBog. I'a va emitdyouy auty) TNy
ouvepyaoia, xdfe Tpdxtopac Tapéyel xdmoleg uTnpecieg (resources) TS OMOlEC UTOPOYUY VAL
XENOLUOTOLCOUY Xal Ol UTOAOLTOL UEGL xdTolou SixTVou Tou Toug Staouvdéet. T var yen-
GLUOTIOL)COLY Lol UTNEEGLA, TEETEL VAL ETUXOLVWVCOLY UE TOV TRAXTOPA OV TNV NEOCPEREL.
Yta xdetotd MAS (closed MAS) x88e npdxtopac yvwpllet 6Ghoug Toug GANOUS TPEXTOPES TOU
undpyouy oto obotnua. Nta avorytd MAS (open MAS) bunc, ol tpdxtopes dev yvwpilovy
TOLOL TPAXTOPES GUUUETEYOLY GTO GUOTNUA, TOGO USAAOV TO TOLOL TPAXTOPES TEOCHPEPOLY

TolaL UTMpEGLaL.

Y10 povtélo nou Oa e€etdoovue xdbe mpdxtopag dlatneel Ula Tpocwmixy cache neploploué-

vou ueyéfoug, mou Tepléyel TAnpogopieg yia Tov evtomioud K dtapopetixdy unnpeotdy. [Na
z 4 /7 4 z ! 4 Z

%80 plo and g K umnpeoteg xpatd mhnpogopieg Y To ol Oa Bpel Tov mpdxTopa TOUL

NV mopéyel. Autd €yel oav anoTtéAeoua Vo SlatnpelTal Evag XATAVEUNUEVOS XATAAOYOG O

TepLé el TANpogopieg oL avTioToly{ouY UTNEEGleC UE TOUG TTPAXTOPES OV TA TPOGPECOLV.

INa va avalntrioet xdmoLog Evay TpdxTopa 1 YEVIXN TOALTIXY elvan 6TL 1) uébodog Tng TANUULY-
pag (flooding): o mpdxtopag mov evdlapépetal pwtdet éva unoolvoho and toug K npdxtopec
mou Statneel otny cache tou. Av xat avtol dev yvwpilouy, Tpowboly To urvuua oToug dixolc
Toug YVwoTolg x.0.x. MOAig Bpebel o mpdxTtopag mou MeplEyEL TNV UTNEECLA, ETLCTREPETAL

Tlow oTov apyxd x6uBo n TAnpogopla.

1.1 To npdélBAinua Tng xvNTLXOTNTAS

To mpdto TpdBAnua tou eetdlouue elvar To T ouuBaivel 6To Tapandve dixtuo dTay LTdPYEL
xivntxdtnta. Me tov épo savprixdtyta (mobility) evvoolue étu évag mpdxtopac ¥ wia
urtneeoio unopel vo ahhdéer Béon oto dixtvo. Ofon (location) evég wbufou, unopel va
Oewpnbel n mAnpogopia mou ypelalduacte yiad Vo ETMIXOLYWVOOUUE UE TOY OUYXEXPLUEVO
xéuBo. T napdderyua, Béor unopel va elvon 1 IP SiedBuvon oe éva puoxd TCP/IP dixtvo.

’ 7z, 4 7 /. 7 z 4
Eva obotnua open MAS etvar Suvoauind xon cuvey e uetoaBahAOUeEVO ol dpo Ol UETAXLVHCELS
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1.1 To mebPBAnua Tng XLvNTLXoTNTAG 11

%ol ol anocuvdéoelg xOUPwy Ou Tpénel va Bewpolvtal auyvd parvduevo.

H petaxivnon evég mpdxtopa 1 piag umneeotog Unopel va tpoxahéoel aouvéneta atny cache
Twy unodoinwy mpaxtdpwy (cache inconsistency). To npbfBinua mou dnutovpyeitar and TNy
uetaxivnon evog xoufou elvan apxetd onuavtixd. Kabe pyetaxivnon dnuovpyel évay aplbud
un €yxvpwv eyypapdy otny cache xat xdbe un €yxven eyypapy cache ovolaotixd agatpet
uta oVvdeor and to dixtuo. ‘Ouwg, To onuavtxdtepo TEdBAnua elvar 6t 1 véa Béon Tou

Tpdxtopa dev elvan YVwoth) oe xavévay agol dhol Yvwpeilouy uévo TNy TaALd.

'Etot, mpotelvouue xdmnoleg uebdSoug Yo TNV AVTLUETOTLOYN TV TEOBANUATWY TOU TEOoXV-

/7 /7 /7 ’ ré /z z 4
TTouy and Ty xwvnTxdTHTA. OL adydplbuol autol ovoudlovtar adydpibuot evnuéowons apou
peovti{ouy va eVNUEPMACOLY TOUG TREAXTORES TOU SIXTVOU YLo TLG UETAXLVACELS OV EYLVALY,
OOTE XAl AUTOL UE TNV OELPd TOUG VAL EVIUERMCOLY UE TIS Véeg Béoelg Tig cache Toug. Ouota-
OTXA, UE TO VA EVNUEPMVOUUE TIS cache TwY TpaxTtépwy, EVNUEPHYVOUUE TLS CUVIEGELS TOUG.

Kata cuvénela evnuepdvouue v (8o Ty tonoloyia Tou duxtdou.

O alybpibuol evnuépwaong mou Ba mpotelvouue, cuvdudlouy tnv teyvixr pull, n onola Eexlva
and Toug TEAxTopeS Tou ypetdlovTal TNV EVNUEPMOY), XL TNV TeEXVIXY) push, Tou Eextvd and
TOUg TPAXTOPES Tou Petaxtvolvtal. Mehetooue tnv yerion meptodixey pull émouv ou mEd-
XTOPES TMEPLOBIXS EVNUEPBVOLY OAGXATEY TNV cache Toug xat Ty xab’anaitnon (on-demand)
xerion pull 6mou oL npdxtopeg evnuepvouy xdmola eYypagn otny cache ubévo 6tay avaxa-
Nodouy b6t dev elvan €yxupn. Kata to push, 6tav o npdxtopag uetaxivniel evnuepdvel Toug
unoloinoug ywa tnv véa Béon tou. Meletriooue apxetés mapahiayés alyoplbuwy flooding-
push ye 6téy0 Vo evnuep®doOoLUE HGO TEPLEGOTEPOUS TPAXOPES YLVETAL YENOLULOTOLOVTAS HGO

70 SuvaTéd AydTepa UnvoUATAL.

[Tpotelvoupe emlong ula véa napariayn flooding otnv omola oL mpdxtopeg mou Aaufdvouy
TAnpogopla GYETIXA UE TNV UETAXLYNOT GAALY, TNV xpaToly Yia Alyo ot xdmolov xatdAoyo
Tou ovoudlovue xatdloyo mapaxolodbnonc (snooping directory). Xuyxpivovue outéc Tig
uebédoug (nou Baoilovtar oto flooding) pe v yprion evéc evnuepwuévou» push énov ot
Tpdxtopeg xpatoly emnpdobeta xou pia aveotpopuévn cache (inverted cache). Xtnyv inverted
cache évag mpdxtopag A QUAdEL TANPOYOPLEC OYETIXA UE TO TOLOL TPAXTOPES TOV €)YOUY OTNY

/4 ’ z z 4 z z
cache toug, dnhady) o A Yvwpilel TololL TpdxTopeg TOV €xouV YelTova oL dpa EEpEL ToLOUG Val

Havemothuto Inavvivey, Tudua ITIAnpopopLxyig Acovtiddns Hilog



12 Ewoayoy

evnuepmoel 6tay wetoaavniel. Me otdyo va pewdoovye to uéyebog Tou xatahdyou inverted
cache Ha ouvdudoouue tov alybplbuo avtd ue v Texvix uichwone (leasing) émou xd&be

e /. z M Z z
Tpdxtopag uebnhvel Tov ypdvo tou otny inverted cache xdmotou dAlou.

1.2 To mpdfinua Twv avilypdpwy

To 3ebtepo Lhtnua ye to onolo Ha acyohnholue agopd ta avtiypaga tAnpogopiag (replicas)
oe dixtua P2P. Ilio ouyxexpuéva, ueletiooue duo oyetixd Oéuata: tnv dnulovpylo xat
TOV AVTLYRAPWY XAl TNV GUVTHENGCY) TOUC. XTNY TEPINTWoY TNg SNULoveYlag avILYpdpny,
Baowd Thtnua arotedel o aptbudg Ty avtlypd@wy mou dnutovpyeital Yo xdbe avtixeiyevo.
'Onweg Ba Solue o BérTiotog aplbuds avtlypd@pny evég AVIIXELWEVOU elval avaAOYOS NG
teTpaywvxic pllag aptbuold avalntioswy mou yivovtal yio autd. Mia xahy tpocéyyion yia
NV enlteudn auThS TS XaTavournc elvan oe xdbe avalntnomn va SnuLovpyoluE avTlypapa Tou
elvar avdhoya ue tov apliud twv ®ouPwyv tou cpwthinxay. Oa dolue mwS UTopOVUE Vo

epapuboovue Tig ueBGSouc push/pull yia va enttdyouue auth TV xatovouy.

Yy neplntwon g cuvtipnonc/evnuépmong avitypdpwy, eZeTACoUE TwS UTOPOVY VL EQOp-
uootoly ot akybptbuot push/pull. "Otayv o WBroxthitng evic aviixelévou npofel oe allayéc
xdvel push oto dixtuo, evd ov x6uPol mou €xouy avilypaga e€etdlouy meptodind av undp-
XEL Véa éxdoon xdvovtag éva on-demand pull. Iloapoucidoaue eniong évav anhd tpémo yia
va Tpocapudletal ypdvog uetalld duo meptodixdy pull. Oa dodue eniong mwg unopolue va
EXUETAAAEUTOVUE TOV UNYAVIOUS TTAQAYOYNS TWV AVTLYRAP®Y DOTE VO ETULTUYOUUE ATOTEAE-

OUATIXOTERY) EVNUEQWOT).

1.3 IIewpapatixés pehéteg

Extéc and v Bempntinn avdntuin uebddwy xou alyoplbuwy, vionolooue Evay eE0UoLOTY
ue otéyo va aloAOYHoOLUE TNV cuuneplpopd Tous. '‘Ocov agopd Toug alyoptBuoug evn-

uépwong oto dixtuo Twv caches, xVplog 6TdyY0C Uag elval va eEeTdooOLUE TNHY TOLOTNTA TOU

Acovtiddng HAlog Havemotiuto Inavvivey, Tudua ITIAnpogopuxrig



1.4 Aopy) xetpévou 13

duxtdou mou TpoxVnTEL Ue TNV YeYiom Tou xdle ahyopibuou evnuipmwong xabdg xat Tov popTOo
UNYLUATOY TTou Tpoxahel xdfe alydplbuog. Ta melpauatind anotehéouata utodexviouy 6Tl
UE TNV 0wOTH EUOULOY TV GYETIXGY TUPAUETEWY, 0 akydpliuog ue xatahdyoug snooping
UTOopEl Vo 0dNYNoEL aTNY (Blat GUVETELX TwY cache ypnolwomoldyTag ToA) AlydTepa unyduaTa
oe oyéon ue tov alybpfuo plain push/pull. H uéhodoc pe touc xatahbéyoug inverted cache
elval TOAD amodoTixy|) 660V aQopd T0 ®x6GTOG UNVUUATKY ahAd Sev unopel va ypnoluonoinbel

V4 /7 /, /’ / /, / ’
6tay €youue TOAMES ahAayég oTig cache xat 6Tay €youvue avaldémoTa dixTua.

‘Ocov agopd Ty dnuiovpylo avTlYpd@nmy, To TELPAUATIXE ATOTEAECUATO UTOSEXVOOUY OTL
n uébodog mou mpotelvaue mpooeyyilel TOAD XaAd TNV BEATIOTH XATAVOUY TETPAYWVIXNG
pilac. Emniéov, énwe Oa dodue ot alybpibuot push/pull unopody va egapuootoldy yio v

EVNUEPWOT) TWV AVTLYPAP®Y UE UEYAAN emLTUYLoL.

1.4 Aoy xewwévou

H Sour| Tou xewévou mou axohoubel elvar 1 e€hc. Xto xepdhano 2 xplbnxe anapaltnto va
yivelr uta odvtourn emoxdnnon Tov dxtdny P2Ptng nAnfdpag eiddv xou aiyopibuwyv mou
umopetl va cuvavtioel xavelg. Oa oploovue To T elvan dixtua P2P, moweg elvan o yprioeig
%ol oL Bacuxég apyéc Twv dxtiny autdy. 'Eneita Oo avaiioouue tny Baoixy| apyttextovixy
v %&b tmo xon Oa avagépouue tepAnmTixd TANpogopies Yo xdnowa Baocixd cuoTAUATA .
Téhog Oa meptypddouue Toug Baoixois alyopibuoug avaltnong xat dpouordynons. Yndpyet

EXTEVEDTERT TEPLYPAPT| TV SIXTOWY AUTGY 0TO TopdpTnua A.
Y10 xepdiono 3 Oa mepiypddouue To mepBdAlov Tng epyaciag pog. Oa Sovue T elvon TEd-
xtopag xat multi agent systems. ©Oa mepiypddovue avalutixd To ixtuo Twv cache xabig

xou TS Paoixég uebddoug avalitnong oto meptBaAhoy autd.

Yto xepdhato 4 Oa xdvouue emoxdTIoN Tng BBAloypaplag os Oéuata mov aPopoly TS eV

uepdoelg oe dixtua P2P.

Y10 xepdioto 5 Oa meptypddouue tole mpotelvduevoug alyopibuoug evnuépwons. Oa ava-

Havemothuto Inavvivey, Tudua ITIAnpopopLxyig Acovtiddns Hilog



14 Ewoayoy

Moouye toug akyopiBuoug push xou pull, xabdg xaw Tic pebbddoug mou mpoxvTouy amd
Tov ouvduaoud touc. Oa meptypddovue v wéhodo plain push/pull, v yéhodo push ue
xatahdyoug snooping xat tnyv uéhodo inverted cache push/pull. Oa avahdoovue v 8éa
tou leasing xou fa v cuvdudoouue e 0 uébodo inverted cache push/pull. Télog, Ha

TepLtypddouue tov e&ouotwt) xar Ha oyoAdoovue Ta TEPAUATIXG anOTEAEGUATAL.

To xepdhato 6 aoyohelTal UE TNV EPAPUOYT) TWVY TPOTELVOUEVLY UebEdwy otny dnutovpyia
xaL TNV ouvtipnon avitypdgwy (replicas) oe éva dixtuo P2P. Oa doldue mwg ot alybplbuot
push/pull uropodyv va egapuocTody Yo va emttiyouue Tov BENTIETO aptBud avilypdpmy aAAd

X0 TS UTOPOUY VoL EQAPUOGTOUY YLOL TNV GUVTHENCTY TWV AVTLYPAPKY AUTOV.

Télog, oto napdptnua A mapafétouvue Ulo avaAuTixy emtoxdénnoy Twv Sixtiny P2Pxa ad-

hoc evé ota endueva TapapTAUaTa axohoubel 1 Texunplnoyn Tng vhoroinong tou e&ouolwTy.
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Kegpdiowo 2

Enioxénnon dwxtimy Peer-To-Peer

Ot teyvoloyieg SixTVWONG TOL AVANTUGCOVTAL TEPLOGOTEPO OTLG UEPES Wag elval T SixTua
peer to peer (P2P) Yrdpyouv ndpoa noAhkd eldn tétotwy Sixtdmv xafde xou tdpa tohhol toueic
€PELVAC TIOL T APOPOUY YLAUTO XPLVUUE GOTILUO VO XAVOLUE Wit GUVTOUN ETLOXOTNGY) TOV

7 / / / 7 V4 !’
MUTOOY aUTAY xaBBC o xdnowy Baoixdy uebddwy Aettovpylac.

2.1 Oplouds ocuotnudtwy peer to peer

H apyitextovinr) mou emxpatodoe oto internet mpiv tnv eugdvion Twv peer to peer Rrayv
Baotouévn oto wovtého nehdtn-egunneétn (client-server). O eZunnpétng Arav ocuvibog évog
oyLpbs uTohoYLoTHg Tou Tapelye xdnoleg unnpeoiec xat fray povipwe dtabéoyuoc (online),
EVE oL TEAATES NTAY OL UTOAOYLOTEG TOU YEYOLULOTOL00CAY TIG UTNEESieg Tou eEUTNEETY) Xa
ouvifucg ol clients dev unopoloay va entxolvwyioouy dueca petald toug (oyAua 2.1). Xta
ovothuata client-server dev unrpye auTo-0pYAVWON GTO BiXTLO, N 0PYAVWGY XAl 1) dlolxnon

OAOXATPOU TOU GUOTAUATOS TEOXUTTEL AN TNV TOALTLXT) TOU eEUTNEETY).

Ynuepa, UE TNV ELPAVLOT) ONOEVAL YENYOROTEPWY XAl GUVEXMS EVERYDY CLUVIECEWY GTO inter-
net (always on) éva véo eidog dlaolvdeonc éxel avadetybel. H ovvdeon nhéov yivetat atouixd

uetall tov client. Avtl va xaholue auty) Ty emxolvwvia client oe client tnv xakodue peer-
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=

e -
client pee
AikTuo client-server AikTUuO peer-to-peer

Yyfhua 2.1: And v apyttextovixy| neAdtn-eEunneétn ota dixtua P2P

to-peer (A dixtua opotipwy) agol ot cuvdéoelc yivovtow petalld oudtiunmy (lowv) peers, eved
& ° 7/ 7 Ié /7 z z
n Aé&n client unodnhdvel wia uno-unnpestia mou eaptdton and xdnolov e&unneétn. To ye-
Yovég 6TL xdmotog xevtpinds eEumneétng unopel va €xel Bondnoel otny apyixn obvdeon xat
emotvwvia dev £xel xaula oyéon e to mou yivetow 1 Tedxy) Spaotnpidtnta. To anotéAeoua
4 4 4 V4 14 z 4 /. z 4
elva 6TL bheg ot SpaotneLdtnTeg yivovtan and Toug peers, 1 ahAidg oTa dxpa Tou Sixtdou.
Av yio mapdderypa Heinoel xdnolog va dnuooctedoel xdtTt, Unopel Vo To xdveL 6TO dixd TOu
unoAoYLoTh, avtl va To oTellel o xdmolov eEwtepind eCumneétn. Ta dixtua P2Pelvar pia

z 4 4 z 4 z :
véa emxahuntiny| (overlay) Staovdeon ndvew oTic Tpéyouoes ouvdéaels Tou internet.

Yty mo amhf Tou popyt|, P2Pelvar évag unoloyiotic mou pwtdel évav dANo yia xdmola
unneeoio. H unnpeotio auty unopet va eivar apyela, Aoyiouixd, Suvatdtnta exTOTWONS, LTo-
hoyiotinr oyVc xtA. TI'evixd, ota peer to peer dixtuva xdbe ovuueTéywy wbdUBog Spa xa
z z z 4 Z /7 4 4
oG TENITNG adA o wg eEumneétne (servent) napéyovtac xdnooug ndpoug R unnpeoteg. Ou
’ 4 I4 4 Ié Ié /4 /4 Ié
peers unopolv va cuvdebolv 1) va arocuvdeboly avd mdoa oTLYUn xal cLVHBwg dev LTdp-
YEL xdmola xabohuxy yvdon yua ého to clotnua (ty mdool peers undpyouLV ¥ TL UTNEECiES
4 4 7 /7 z ’ 7 4
Tpoo@épel 0 xabévag). Iapdlo mou oe auth v Wéa Pacilovton dha ta p2p cuoThuata,
7 AEYLTEXTOVLXY| TOU GUVAVTATOL and cVoTNUA o cVoTNUA UTopel va Slapépel Tohd. "Evog

agopeTixdg xat SloanolnTindg oplouds Yia Ta peer to peer cuoTAuata diveton and tov Clay

Shirkey [2].
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2.2 Xprioeg cuotnudtey P2P 17

Peer-to-peer eivar n xAdon twv epapuoydy mou exuctallelovial resources onwg: amoln-
z 4 7 4 z /. 4 Z Z
XEUTIXOG y@pog, eneéepyaoTixs) LoyUs, vAuxo, avbpdmivy napovoia, mov vrdpyel SidonapTo
Z Z z z /7 Z
oe xdbe uépoc tou Internet. Emneidrj n mpdofacny oe autd ta un xevipixomolpuéva re-
sources onuaiver Ty Aettovpyia oc éva actabéc mepBdiroy oivdeons xar anpdfientwy IP
Sievbivoewy, ot xouPor peer-to-peer mpémer va AettoupyoUy extés tou DNS xau va éyouy

onuavtixiy 1 tAfen avtovoula and xevipixols eCunneéTeg.

IToAhot motetouy 6Tt P2Pelvar anhd évag StapopeTtindg 6p0g YLo To XA T VEUNUEVA OUOTHUATA
(distributed computing). H onuoavtixs Stapopd LeTall TV XATAVEUNUEV®Y GUCTNUATWY oL
TV oNUEPLVOY SixTimy P2Pelval 6tL o1 x6ufol evog cuostiuatog P2Pelvar cuvibwg anid PC
/7 ré /. 4 z ré ! z ’ /7
%o Oyt ueydhot, cuvey g cuvdedeuévol eEunneéteg. Ot teAdteg elvar Théov amhol xéufol Tou
Bonbovy otny enitevén allomotiog xou avelaptnolag aAdd ue uetwuévo xéotog. Ol mopol
€youv 11 ayopaotel (and tou yerotec) xat anAd «xdfovtaty xoL TEPLUEVOLY, ayenoLLoToln-
TOL X0 AVEXUETAANEVTOL (Y OL ENEEEPYAUOTES TWY LTOAOYLOTAV EVHS Y 0AX0U EpyaoTnelou
4 ! 4 ’ z !
v voyta). Ta dixtua P2Puac enttpénouv va expetallevtolue autd o ayproluonointa

resources.

Yuumepaouatind, toAlol matebouy 4Tl oL uépeg Tou YpetalduacTay Evay XeVTpxd eEUTNEET
7 14 z Z z /. 4 z
ya vo guho&eviioovue TAnpogoplieg éyouy mepdoel. Ol UTOAOYLOTES TV TEAATGY elval TAEOY

peers oe €va 8ixTvo, emiTpénovTac ot Xxabéva var QUAOEEVEL Xal Vo TROGPEREL TS SIXES TOU

TAnpogopleg.

2.2 Xpnoeg ovotnudtwy P:P

H yerion tov Sixtbny P2Pdev nepropiletal uévo otny aviarloyn pouoixdy apyelowy. Yndp-

YOUV TOAAES YpnroeElg OTwe:

e Kotaveunuévor uroloyiopol (distributed computing): Ta cuotiuota avtd xo-
TAVEUOLY UL UTOAOYLOTIXG SUox0AN epyaoia o €vay aplfud and peers ue 6té)0 va
YENOWOTOLGOUY TOUG UTOAOYLOTIXOUE TOPOUS OAMY AUTMY TV XOUPB®V Yo TNy emi-

Auon Tng. XuvfBog ou peers dev emxolvwvoly dueca UeTtadl Toug ahAd UEcw evog
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18 Enuoxénnom duxtiwy Peer-To-Peer

XEVTPIXOTIOLNUEVOL eEUTNEETY TTOL BLavEUEL Ta xouudTia Tng epyaoiag. ITapadelyuota

TéTolwy ovotnudtey eivar To SETIQ@Home [3],United Devices [4], Entropia, GPU xth.

o Kataveunuéva xatefdopata apyelwv: I'evind, dtav éva apyelo npoopépetal and
évayv uévo yenoty, 6co neplocdtepol To xateBAlouy, T660 UIXPOTERES TAYUTNTES ETL-
ré /7 ’ /7 z /7 z 4 /7 /7
TuYYdvouv. Av buwg To apyelo autd mpoopépetan and éva P2Polotnua téHte doot
xateBdlouy To apyelo to Tpooépouy xau Tautdypova (yivovtow xau ou (dtor eEumnpé-
1ec). Auté éyeL oav anotéheoua va auidvetat 1 cuvoluxh dtabeoidtnta (bandwidth)
TOU CUYXEXPUIEVOL apyYElOL, VO XATAVEUETAL O (POPTOG OF TEPLOGOHTEPA Amd Eval OTf
ueio Tou internet. ITapoadelypata tétowwy dixtdwy eivan to BitTorrent, Gnutella [5],

Napster [1], LimeWire, Kazaa [6], Freenet [7] , Popular Power, E-donkey xtA.

o Mnyavég avalitnong: Me vy yerion P2P8utdwy unopel xdmolog va el apyeta,
unneeoiec, oehdodeixteg (bookmarks) xtA mou napéyouv dhhot yprotes. o mopd-
delyua unopel uéoa oe UL etoplor Vo Udpyel €va TOomxd SIXTUO TOL ETUTPETEL OE TPO-

YPUUUATIOTES v avalNTOUY TORASElYUATO XMBLXA GE UTOAOYLOTEG GUVASEAP®WY TOUG.

o Emuxowvwvia: Yndpyouv epapuoyég chat mou dev Bacilovtal og évav uévo xevtpLxo-
romuévo e€unneétn. 'Etol ol yprotec v tapddelyua unopoly va opilouvy udvol toug
TOUG XAVOVEG, N X0 va eTxolvwvoly an’eubelag yetald toug yia yeyaliteprn ao@d-
Aewa/Toyotnta. Tlapadeiyuota tétowwy utneeoudy elval to netmeeting, ICQ [8], voice

over [P.

e Yuvepyaoia: Mnopel xdnotoc va Eextviioel éva épyo (project) ue évav aplfud and
’ ré ’ z z ’ / . °
pihoug, va Stoaporpdlovtal ta apyela Tou €pyou, évay nivaxa culnthoswy (discussion
board), xdmoto chat xou dAha anapaitnta epyahela. Apydtepa unopel onotodfinote
uéhog va xakéoel dhhoug va cuufdiiouy oto €pyo polpdlovtag xol exeivol xdmoleg

unneeoieg.

o Acgdleta: Mropolyv xdmota WA o€ Uil XOLVOTNTA VoL EVNUERMGOLY 0 €Vag TOV GAAO
yia mbavég tpuneg acalelag, etoBoréc xTA. 'Etol unopody éhot va AdfBouv ta uétpa
tous. H amoxevtpmuévn yerion tng umnpeociog autr) onualvel 6Tl n andAela evog udvo
x6uPou dev dnutovpyel TEOBANUA 0TNY XAVOTNTA TOY ALY va avTdpoly ot Béuata

acalelog.
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e Idiwtixdtnta (privacy): T topdderypa oto Freenet [7], urnopel o xabBévag va xdvel
dnuooteboel TNV Yvoun tou (¥ xdnoto apyeio) ywplc tov @éBo va anoxalugbel. And
NV oTLYUn Tou TNy dnuooctedoet, autr Ha tapauével Y 660 LTdEYOLY YEYOTES TTOL TNV

»xoteBalouy, ywpele Vo UTAPYEL TPOTOS VAl TNV OBNCEL 1) YO TNV TPOTOTOLOEL XATOLOG.

e ‘'Eunveg cuoxeuég: Paviaoteite cuoxevég OTwe Evar dixTuo and aviyveuTtég N axdua
o €val 3ixtuo PeTadY QUTOXLYAT®Y Vol ETUXOLVWVOLUCAY UETAE) TOUG AoUpUATO UE

OoTOYO VA TPOELSOTOLNCOUY YLot TUEABELYUA YLt XATOL0 aTOYNUA 1 YLl XATOLL TaOL-

TheNom.

2.3 Boaowég apyéc

Ta P2P cuotiuata ynopolv va Oewpenbodyv cav éva Internet oe eninedo epapuoync ndve

070 xhaoowxd Internet. Ot Bacuég apyéc mou ouvavtdue elvau:

e Ou peers eival opdTipoL: oe avtibeon ye ta cuothuata TeAdtn eEunneétyn 6Tou xdbe
x6ufoc €yl Tig Suxég Tou apuodidtnteg ota P2P dixtua ol peers Aettoupyolv xau wg

TEAATES XL WG EEUTNPETEG.

o Aioporpacpés népwyv/vrneeotdy: ‘Ola ta P2P cuothuata agopoldy Tov diauotpa-
oub népwy 6nwc apyeta (Ty Tpayoldw, video, mpoypduuata), ebpog dixtdou (band-
width), vnneeolec (énwg unnpesies Thnpogdenonc). Me to va potpdlovtat ot mdpol
umopoly va LAorownboldy egapuoyéc mou elvan moAd Baptég v va Bactotovy o éva

V4 7 z 4 ’ z z
uévo x6éufo. Autd frav xat To xivntpo cucTnudTwy étwe to Napster.

e 'Aueom ovvepyaocio: Ou peers cuvepydlovtol YeTal Toug Yia TNV EMiTELEY *dTOLOC
ouyxexpuévng epyacta. Ou xéufol emxolvwvoly dueca YeTtadld Toug ot o)L Ue TNV

/4 z z 4 7/ Z 4
YeYiomn xdmotou evdlduecou eEumneéty. Xta P2Povotiuata mou undpyouy eCumnpétec,
XENOLWOTOLOUVTOL UOVO YLaL TNV aVaXIALYT TWVY Peers ToL TEOGPELOLY XATOLOV ATl

ToUUEVO TOpo xau EmeLTa oL peers cuvepydlovtal Ywels TNy napéufacy Tou eEumnEET.

e Avuto-opydvwon xau avtovopla: ‘Otay éyouue éva TAMpWS XATAVEUNUEVO GUGTNUA,

dev umdpyel xdmotog xéufog mou va Statneel wa Bdon dedouévwy mou Vo xpaTdel xa-
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Bohuey mAnpogopla Y To ocvotnua. ‘Etol ou xéuPol mpénel va autodiopyavwboly
xenowuonoLdvtag uévo tomixij tAneogopla xar aAAnlenidpdvras ue yettovixols xou-
Boug. 'Etou nalpvovtag Tomxés anogdoelg umopel To cUoTNUA va SOLAEYEL GUVORLXA.
O peers xau oL guVSEaeLg Toug DewpolvTal Tpoowpelvé. 'Etol dev umopoldue va xdvouue

eaoleg oYeTXd Ue TNy Tomohoyla.

o Anoxévipwon: H anoxévipmwon elval lantépwe ypnown v TNy ano@uyn evog on-
uetov anotuylag (single-point-of-failure) % onueiwv cuppdenoneg (bottlenecks) tng and-
doom evég ovothuatog ye 6Téyo TNV xhudxowon (scalability). 'Ouwc 1 xhwdxwon
auth Baoctletatl xatd ToAd 610 TEMTOXO0ANO Tou %dbe cucTAUaTog. 1IAYen anoxevtpw-

uéva ovotnuata eltvan to Gnutella xou to Freenet.

e Acttovpyia oc actabég nepBdihoy: Ta cvotiuata P2PBacilovtan oe x6uPBoug mou
4 4 z 4 14 4 4 4
ouvdéovtal xaL anocuvdéovtal cuyvd and To dixtuvo. EmmAéov eneldy) ol npoowmixot
UTOAOYLOTES TIOL GUUUETEYOLY elvatl Tilo emnpenelc oe Tuyales aotoyles (mpoBiAuota
VAo, tpofMiuata cuvdéong oto internet, tol, ydxepc xTh) ot alybpliuoL Ty SixTdmY

/. ! 7 z z /4 !
aUTOV avTeToTlouy To duvauixd autd TepBdAloy cav wa cuvhing Staduxacta xat

oyt oav wa e€atpeo.

o Avalrtnon: H avalhtnon ota P2P cuotiuata potdlel ue otatinég avalntioelg 6mng
autég Twv Goggle ¥ Yahoo. Ytny otatixr avalitnon, n mthnpogopia mely avalntniel
TpéTEL TEGTA Vo cLAAeyBel and xdmolov crawler (oL crawler culhéyouv mAnpogopieg
and oeMdec xau Tic npochétouy oe Bdoelg dedouévmy unyavdy avalftmong). Ko pe-
TagV duo emoxédewy evég crawler oe xdmnoto site umopolv va mepdoouy urveg . 3to
evdldueco n TAnpogopia unopel var ahAdEet, vou Starypapel X TA UE ATOTEAEOUO TO ATMOTE-
Aouata e avalntnong va etvar avagiémota. Ta dixtua P2P 8ivouv tnv Suvatdtnta
v avalntnorn oe mpayuatixd yedvo. '‘Ouwg, avdhoya Ue TO TpwTdxoAAo, xdmola
Thnpogopla unopel va unv Beebel axdua o av undpyet oto dixtvo. Eniong dev undp-
XEL €YYUnon v v Sdpxeta tng avalnitnong. ‘Etol undpyel npdBinua nodtnrtog
vrneeotdy (Quality Of Service B QoS) ot cuothuata P2P .
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2.4 TVrnot cvotnudtwy P:P

Kevtpuxonowmuéva cvotipata (Centralized P2P):
Kd&0e peer cuvdéetan oe évay e€unnpétn mou cuvtovilel Tig emxolvmvieg uetalld Twy peers
xat Oheg oL avtahhayéc uUnVuudTey yivoviar yéow tou eCumneétn (oydua 2.2). Ilolhol
4 /7 I4 z z 4 4
unootnellouv 6Tt Ta ouoTAUaTa autd dev Oa mpénel va Oewpodvtar P2Pagol o peers Sev
emxolvevoly an’eubelag. ATAGS 0 xevTpindg eEUTNEETNE HATAYPAPEL TLS UTNEEGLES TTOL TEO-
OPEPOLY oL peers xaL av xdmotog BeAnoel va ypnolwonowoet uia and autée, Tig XeNoLULOTOLEL
z z I4 I4 V4 4 V4 4
uéow tou egumneéty. Ta mheovextriuata authc tng LebBbSou elvar 6TL 1) dtebBuvor tou edu-
z ! /7 ’ 4 ’ Ié /7 z I4
TnEETY elval Yvwotn xat elvor ebxoho va ouvdelel xdmotog oe avtdv. Emmiéov, enedr ta
TdvTa TEpvoLY and tov eEumnEéTy, unopel va yenotuonownfel xdnolo caching yia va auénbet
N anédoor. Aev UTEPYEL TEPITTWOT VO EYOUUE XATATUNOT TOU SXTVOU ool UTdpYEL LOVO
éva eninedo ouvdéoewy. Ta yetovextAuata elvar Tl o eunneétng elvan onuelo ouupdenong
’ ! z 4 ’ /7 ! ré
xaw onuelo anotuyiog (av «éoew o eZutneétng dev Aettoupyel Ao to dixtuo. Mepixd mo-
padelyaTa TETOWY EQPAPUOYQY Elval eQapuoYES Tou Stauolpdlouy eneéepyaoTixols TOpPoUS
(CPU sharing applications) énwc to SETIQHome [3].

Yvothpata peoitn (Broker P2P):
Ot peers cuvdéovtal oe xdmolo eEunNEETN Yo Vo avaxaAlpouy dAAoug peers xal UTNEEGLES
/7 /7 z 4 ! 4 ’,
xo LOALS Bpouy autd Tou BENouy emxolvmvoly ancubelag LeTadl TOUS YLo VoL GUVERYAGTOVY
/4 ré /7 z /7 /7 z Ié
(oyAua 2.3). O xdfe x6uPoc Eépel uOVO TOV XEVTPIXG EENTNPETY XL XATOLOUG Peers Tou
o eCumneétng Tou «obotnoer. To mAcovextuata AUTGY TeV dxTOwy elval 6Tl €yel TNV
z /7 z z /7 z 4 z /7

anddoon evdg xevipuxonoinuévou eEunneét (6cov agopd Tic avalntioels) aAhd Tautdypova
emtpénel Tig an’eubelag ouvdéoelg TV peers Tou amocLUPopllouvy ToV XeVTPXS EEUTNEETY

and TG E0WTEPIXES avTaAAaYES unvuudTwy. lapadelyyata tétowwy Sixtdwy elvon To Napster

[1].

Anoxevipowuéva cvotiuata (Decentralized P2P):
Avty) elvan 1 aknbuvr) apyttextovixy) peer-to-peer: dev umdpyel xavévag eEuTNEETNG, ATAL
peers (oyfua 2.4). 'Evac véog x6ufoc ouvdéetan oe évay undpyov x6ufo Tou dxtiou xou

aUTOS TOV CUCTHVEL O UeEELX0Ug axdud. Aev UdpyeL XAVEVASC XEVTPLXOTOLNUEVOS xOUB0g
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mou va cuvtovilel To dixtuo. To dixtuo Aettovpyel GuvOAxd ue TNy AN UOVO TOTIXGDY
ré Ié Ié ’ 4 4 z /7 /7
anogdoewy oe xdbe peer. Avo EeywpLotd dixTua UTopoly va evwboly ue évay anhéd xéufo
z 4 /4 ’ /7 Ié Ié 4 ’
mou cuvdéetar xat ota 8bo. Ta mAcovextuata elvar 6Tt dev LTdpyEL xdmolo adUvato onueto
070 dixTuo 60OV aopd TNV cuugpdenon xal Tic actoylec. To uelovextua elvor 6TL oL
/ ’ 7 4 4 ’ z /. Vé /7
avalntioelg elvan apyég agol mpénel va wetadoboly uéow ToAGY Brudtey oe dhoug Toug
x6uPBouc (multi-hop searching). ITapadelypata tétowwy dixtiny elvar  Gnutella [5] xou to

Freenet [7].

Mepwxdg anoxevipwpéva cuotipata (Partially decentralized P2P):

Ta dixtua autd elvar LBEWXE AVAUECH OTA CUGTAUATA UEGLTN XL GTA ATOXEVIPWUEVA.

Yta GUOTAUATA AUTA, 4TAY UTEEYOUY XdTololL x6Ufol Tou UTEPTEPOUY GE OYEOT) Ue dANOUC

(xahOtepn oUvdeon oto internet, xahltepo enelepyaoth, ueyahitepyn ywenTxdTnTa dioxou,

’ /7 /7 ’ /7 4

Yvopilouv Teptoodtepoug peers x.a.) téTe avtol oL xbuBot hettovpyoly we super nodes. Ot

super nodes 7| super peers, AeLToupYoUY ooy Uxpol eunneétec-ueoiteg uéoa o Eva ey oh-
z ’ ré /7 4 z

TEPO AMOXEVTPWUEVO dixtuvo. Kdfe xbufog tou dixtdou (cuunepalauBavouévmy Twy super

peers), cuvdEeToL OE €vay ) TEPLOGOTEPOUC SUPEr PEErs XAl TOUS YPYOUOTOLEL Yl EXTENE-

/7 /4 4 /7 ! 4 ’ !

oel yphiyopes avalntioels (oydua 2.5). Ou x6ufot autol dev anoteholyv onueio anotuylog

(point-of-failure) yta to dixtuo ool emAéyovtal duvauixd xou 6e tepintwon anotuyiag To

dixtuo Oa Toug avtxatactioel ye dAlous. Iapadelypata tétoiwy dxtdwy elvon To Kazaa

[6] xou To Morpheus.

2.5 Aouy dixtvwy PP

Ta ovotiuata P2P anotehodvtar and duvoauxd dixtua pe toAdmhoxn tonoloyla. Auti 7 to-
! r 7 ! Ié ’ 4 ’
rohoyia dnutovpyel éva dixtuo emxdhudng (overlay network) mou uropel var unv éyet xouia
z V4 4 z Ve 14 4
oyéon Pe to Quoxd dixTtuo Tou cuvdéel Toug xouBoug. Ta P2P Sixtua unogel va Swagpopo-
ronBolv wg Tpog To av autd to overlay éxel xdnowa Sour| (structure) 1 dnuiovpyeitar Tuyaia
(ad-hoc). Me tov bpo Sour (7 structure), evvoolue tov Tpémo Ue TOV OTOlO XATAVEUETAL TO
TEPLEYOUEVO OE OYECT UE TNV TomoAoylo: av UTdpyeL xdmolog TedéTog v movue an’subelag

Totol x6ufoL €xouy xdmola GUYXEXPLIEVY TANPOOpla 1) oy TEETEL VoL aval NTHoOVUE 0AOXANPO
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Kevrpikog
server

KéuBoi-reAdTeg

Yynua 2.2: Kevrpuconowmuéva P2Pouotiuata

KevTtpikog
server /
Broker

KéuBoi-reAareg

YyAua 2.3: YBpwixd anoxevipwuéva (brokered) P2P
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Yynuo 2.4: II\pwe anoxevipwuéva P2P

—— Zuvdéaoelg super peers (avalnTioeig)

<« AT’ euBeiag ouvdéaeig Twv client (dedopéva)

Yyua 2.5: Mepuxidg anoxevipouéva P2P
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7o dixTvo.

Adéunta P2P

Yta P2Povotiuata yweic dour (unstructured P2P) 6nwe to Gnutella [5], n tornobétnon
g TAnpogoplag dev €xel xaula oyéon ue tnv overlay tonoroyla. Agol dev umdpyel xauia
TAneogopla Yl To Towol xOufol TpocPEpouy Tola resources, 1 avalitnon onuaivel Tuyaia
avalntnor oe xdnoloug x6ufoug tou Sixtvou. To Betind ue autd Ta dlxtua elvon 6T unopovy
va eEunneeTioouy éva Ueydho xat duvauixd mAnbuoud and xoéuBous. ‘Ouwg To ®x60T0G TNG
avalitnong elvan yeydho pe anotéAeoua Tt dixtua auTd va Bewpolvtal va unv Bewmpolvtal

xAoxovueva (unscalable).

Aounuéva P2P

Me otéyo va emtiyovue yeyaldtepn xavétnta xhudxnone (scalability), Snuovpyrdnxoy
ta dounuéva ovothuata P2P (structured). Tétown ovotiuata eivar to Chord, CAN, PAST,
Tapestry xtA. Yta dixtua avtd 1 emxaiintovca Tonohoyia Tou Sixtdou elvon eAeYydUEVN
%ol ol mépot TonobetolvTal o cuyxexpléveg Béoelc. Autd Tat GUCTAUATA TAPEYOLY XATOL
avtiotolynorn (mapping) petald tou mdpou xar Tne Béonc Tou e TNV WopPY xdnolov Ti-
vaxa dpopoldynong (routing table) étol dote N avalhtnor va unopel va dpoporoynbel atov
x6ufo mou €yel Tov embuuntd népo. Tao dixtua auTd TPoGPEPOLY HAWAXWEN Yl avaln-
THOELC XATOLWY TOPWY Tou elva xaAd optouévol. "‘Ouwg ta dixtua autd elvon 3UoX0 O Vo
dtatnerioouy TV dour| Toug o Eval UEYAAO xat SuvauLxd Tapayduevo TAnbuoud and peers

/ z 7 Vé
(x6uPoL cuvdéovtar xaL anocuvdéovtal cUYVA).

Elagpig dounuéva P2P

M tpitn xotnyopla dxtdny elvar ta edagpdc Sounuéva (loosely structured). Tétoro ma-
pddetypa duxtdou elvar to Freenet. To Slxtua autd taglvouolvtal xdmou aviueco oTa
mponyolueva dVo. Ou Béoeic Twv épwv emnpedlovial and xdnolx Spouordynon aArd dev

4 /7 /
xabopllovtan amd auty.

’ ! Z /7 z ! ! ’
Eyouv avantuybel apxetd cuotiuata P2Poe xd0e xatnyopla. Mnopeite va deite mou xata-

z e 7 /7 4 14
TdocovTOL Ueptxd amd To o dnuogLhy cuctiuata P2Potov mivaxa 2.1.
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Adbunta Elagpds dounuéva Aounuéva
Yvotiuata peotitn Napster
Anoxevipwuéva Gnutella Freenet Chord, Can, Tapestry
Mepuxdg anoxevipwuéva | Kazaa, Gnutella

ITivaxag 2.1: Katnyopteg yvwotdy P2P Suxtinmy
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Kegpdiaro 3
IlepLypapy) LOVIEAOL CUGTAUATOS

To mepiBdAlov epyaoiag Twv alyoplbuwy evnuépwong mou Ba TaPOLCLAGOLUE TUPAXAT
(e 5) eivan éva obotnua moMaTAGY mpaxtépwy (multi agent system). Ilpbxeiton yia
éva P2P38ixtuo and npdxtopec mou cuvepydlovtan uetadl Toug Tpoo@épovTag £va GUVOAO
and resources. Ilo ouyxexpyéva, To wovtélo oto omolo Oa Baciotolue elvan To poviéro
xataveunuévne cache (distributed cache model). Ytic napaypdgpouc mou axoloufoldy Ha
avahboouue Tig évvoleg Tpdxtopac (agent), cuothuata ToAanAGY npaxtdpwy (multi agent
system), distributed cache model xat 6o napovoLdoouvue pepixoic ahyopiBuoug avalitnone

TOL AELTOVPYOUY GTO OVTENO QUTO.

3.1 IIpdxtopeg

O mpdxtopag elval pia UTOAOYLOTIXY OVTIOTNTA OTWS YLa TAPAdELYUA EVa TPOYPUUU UTO-
AOYLOTA N Eval poundT Tou avTAauBAaveTal xotl aAANAeTISpd Ue TO TEPBEAAOY TOu xat elvol
aUTOVOUO UE TNV Evvola OTL 1) CUUTEPLYOPd Tou uropel va Baciletan, €oTw oL eNdyLoTa, o

Tponyoluevn euretpla. ‘Evac anhdg opioude elvon [9]:

‘Evac mpdxtopac elvat éva unoloyiotixé olotnua mou Peloxetal uéoa oe xdmoio

/ 7 / / / / / / e
neptBdAloy xar mov elval 1xavoc va dpd autévoua uéoa oe auto ue oTéyo va emTeVy ol
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otéyol yia Touc onolouc ayedidoTnxe.

"Evac npdxtopac unopel va Bewpnbel “&unvoo» (intelligent agents) ue v évvola 6t uno-
pel va Aettovpyroet pe evehi&lo xou Aoyuxr) oe Pl TANOMEA XATACTACEWY YENOLULOTOLOVTAG
dtadixaoieg enthuong tpofAnudtey, oyediaouol, Mdng anopdoeny xou udbnong. 'Evog npd-
xTopag elval enlong ula ovtédtnTa Tou ahAnAemided ue to mep3dAlov 6To omnolo Bploxeta

ool umopel va emnpeactel and GAAOUS TEAXTOPES ¥ o amd avlphmives TapeuBdoels.

INa rapddetyua, omolodnrote glotnua Tou eAEyyel xdnola Aettovpyla umopel va Oewpnel
¢ Tpdxtopas. To xhacowd mapddelyua evog TEToloL cLCTAUATOS elval évag OepuooTtdTng.
O Bepuootdtng €xel évav alchntrpa nou nalpvel xatevbeiay TAnpogopieg and to mepBdAioy
ré ré 1c 4 7/ /4 4 4 /7
(m.x. TO dwudTio) xau mapdyel ws é£0do dVo eddV oRuata: éva mou vnodetxviel 6Tt 1) Bep-
’ ’ 7 z 4 /7 ! ’ A ’
uoxpaoto elvon yaunAs xau éva mou umodetxviel 6Tl 1 Oepuoxpactio elvon evrdéer. "Etol o
duvatég evépyeleg Tou Bepuoatdn elvan «evepyonoinon tnv Bépuavon» xal «mevepyomoinoe
z ré /7 ! z /7 ré ’ ré 4 4
v Oépuavornp. Puowd autd elvon éva amhd mopddetypa a@old LTdpyouY TOAY TLO TOAU-
Thoxa TepBIAAOVTA XaL ATOPACELS OTWS Ylo Tapddetyua oe cuothuata ly by wire» ¥ oc

CUGTAUATA EAEYYOU TUPNVIXDY AVTLIPAGTHEWY.

3.2 Yvothuata ntoAhanhdv npaxtoépwy (Multi agent sys-

tems)

"Evo multi-agent system (MAS) elvar éva dixtuo and mpdxtopeg mou cuvepydloviol ylo
z ré z ’ /7 4 z /7
VO TPOGQPEQPOLY XATOLNL XATAVEUNUEVT UTNEESia 1) var emAUGoLY €va TedBAnua mou dev Oa
4 ’ 7 / /7 4 /7 ! Ve Vé
umopovoe va To Adoel évag uévo xouBoc. Ia va emtdyouy auty) Ty cuvepyaoia, xdbe tpd-
xTopag TapéyEL xdmoleg UTnpeoieg (resources) T omoleg UTOPOUY VoL YENOULOTOLAGOUY KoL
/7 z / 4 4 ! /7 ! ! Z !
oL unélotnot Uéow evdg dixtvou Slacivdeons. To Sixtuo awtd unopel va elvar xdmoto dixtuo
P2P. Ye oyéon ue éva xevrpuxonoinuévo abotnua, ta MAS dev €youv xdnoto onuelo acto-
! . ® z z ré ’ / /7 Ié /7
yloc (point of failure). EnimAéov, dev éyouv xdnoto onueio cuugpdpnons f xdnoto nepLoploud
otov aplbud xat T A TACELS TV UTNRESLOY Tou tpoc@épovtal (apol Tic Stayeplilovton

Tol\ol mpdxtopes xou Gyt ubvo évag).
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[ va exmAnpedoouy Tou 6TdY0Ug Toug, Ol TEAXTOPES YPEloVTaL TOPOUS TOU TOUG TAPE-
Youv dAloL mpdxtopeg. ‘Oumg, Yl va Ypnoulonojoouy o urnpeotia, mpénet Bpoldue xat
VL ETULXOLVWVAOOUY UE TOV TpdxTopa Tou TNV npoopépel. Xta xAetotd MAS (closed MAS)
xd0e mpdxtopac Yvwpllel 6Aoug Toug dANOUS TPAXTOPES TOU LTAPYOLY GTO GUGTNUA, AANL
ot avorytd MAS (open MAS) Sev undpyet tétola YVHom, 1660 UIANOV YVHOT YLot TO TOLOL

TPAXTOPES TPOGYPEPOUY TOLA UTNEECLA.

M xhacowh tpocéyyion yia v entAuor avtold Tou tpoBAuatog elvar 1 Orapén xdnolwy
middle agents mou @UAdve Tnv avtiotolyia auth. 'Etol édtav xdmolog mpdxtopag Oéhel va
Beet wa urnpeota emxovmvel tpdta ue Tov middle agent, AauBdvel Ty andvinon xou énelta
’ b) I4 z 7z, : ’ 4
emxolve Vel an’subelog ue Tov mpdxtopa Tmou Tou clotnoe o middle agent. ‘Ouwg, 1 uébodog
autr) unopel vo anoteléoel onuelo cuupdenong xal Epyetal oe aviibeorn ue Toug oyEdia-
oTxolg 6téyoug Twv MAS doov agopd tnv unohoyloTxy avétnta, Ty allomotio, TNy
/7 /7 ! 4 ! ’ e
EMEXTACWOTNTA, TNV oTPapdTNTA, TNV euxolla cuvtrhpnong xat TNy evehiéla. 'Etol mpotd-
Onxe évag xataveunuévog TEOTOG Yol VoL UTOPEL VoL EVIOTLGTOUY OL TPAXTOPES TTOU TEOGPEQOLY

®4dmoLo resource.

3.3 Movtého cuotriuatog: Distributed cache

[Ma va unopéoel xdmolog mpdxtopag var avalnthioel Evay dAlo, mpotdlnxe Ui TARpwe xata-
veunuévn Ao émou o xébe mpdxtopag yvwpellel évay uxpd aplud and dhhoug [10]. Ilowo
oLYXEXPLIEVA, ®d0e mpdxTopag Slatnpeel Lo Tpocwnixy| cache meploplouévou ueyéfoug mou
neptéyel TAnpogoplieg yia Tov evtomoud K Stapopetinddv umnpectdy. I xdbe pla and tic K
UTNPEGLES, XPATd TANPOYOPLES YLal TO TG Ot EMXOLVOVACEL UE TOV TPAXTOPA TOU TNV TAPEYEL.
Kat’autéy tov tpémo Statnpeiton €vag XaTavEUNUEVOS XATAAOYOS OV TEPLEYEL TANPOYOpPLES
mou avtiotolyi{ouy TIg UNNEesieg Ue TOUG TEAXTOPES Tou TIg Tpoopépouy. 'Etol edalelpo-
VTal T TEOBANUATA TOU XEVIPLXOTONUEVOU XATIAGYOU apod TO UOVTEAD auUTO TEOCEEREL

xaAOTEPN LxavéTNTa xAwdxwong (scalability) ot peyahitepn avroyn oe anotuylec.

Ovolaotxd, dnutovpyeitow évac xateufuvduevos ypdgoc ano mpdxtopes G(V, E) mou xo-

Aeltar 8ixtuo twy caches (cache network). Yrndpyet wia axuf and évav npdxtopa A oTov

Havemothuto Inavvivey, Tudua ITIAnpopopLxyig Acovtiddns Hilog
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B étav 6tav o A éyer anobnxevuévn otnv cache tou xdmola umnpesia mou TNV TapEyEL O
mpdxtopag B. O A xat o B xaholvtar yeitoves agol n emxotvwyvio yetagd toug elvan dueon.
"Evog mpdxtopag unopel vo TpocpEpel Tapamdve amd uia unneeota, €tot o (8log mpdxTopa
Y
! ’ ré /7 ré ré ré z 4
umopel va eppaviletal nopandve and uta gopd ot xdnota cache. Iapdderyua tétolou Sixtdou

unopeite va deite oto oynua 3.1.

v1© v2:Ra| v4:Rb

cache / s
v2 Q/ . O—»

Ot 70
e

cache

Yyue 3.1: Turua tou Sixtdou 6mou o xdbe mpdxtopag v; xpatdel TAnpogopleg Yo k = 2

resources

3.4 Avalntroelg oto dixtuo Tty cache

INa va avalntioel xdnolog €vay TEdXTOPA TOLU TPOGPEPEL LK CUYXEXPUIEVY] UTnpecia LTdp-
’ /7 /4 /4 ! /7 Ié z ré z
youv mohhol tpémol. H yevixr) mohitixn elvar 6Tt 0 TEdxTOpPAS TOU EVOLAPEPETAUL PWTIEL EVAL
4 /7 ré ’ ! ’
unocVvolo and toug K mpdxtopeg mou dlatnpeet otny cache tou. Av xat avtot dev yvwpilovy,
npowboly to urvuua otoug dixolg Toug Yvwotolg x.0.x. Mbiig Bpebel xdnolog mpdxtopag
Tou YVwpllel TNV andvnoy, emxolvwvel an’evbeloag ue Tov apyxd x6uBo yia va Tov Evnue-

POOEL.

210 HoVTEAO AUTS UTOPOUY VL EQUPUOGTOVY XdTotol and Toug alyopibuoug mou undpyouy ota
z 4 4 /7 7 14 z z /7 4
anAd adéunta dixtua P2Pudvo nou n avalrtnon dev yivetoaw ndve oe xdmoto otabepd dixtuo
aAA& oTo dixtuo Twv caches. Av ol cache xdnolouv x6uBou dev elvar evnuepwuévy, ToTE dev

B unopéoel va Tpowbnoel cwotd To uRvuua agol Sev Ba yvwpllel Tig Béoelg TwV YeLTOVLY
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/\ /\ /\

AR B R B 8

ABR A EN
@ (b) (©)]

YyAua 3.2: Aval¥tnor oto dixtuo twv caches tou oyfuatoc 3.1: a) flooding, b) teeming
(f; teeming pe decay), ¢) random paths (p = 2)

Tou. Oa nepiypddouue Evay aptbud and Bacixolds akyoplbuoug mou elvat xatdAAnAot yar To

HOVTELO aUTO.

Plain flooding

Y10 anhé flooding, xdbe mpdxtopag mpowdel o dlouc toug Yeltovég Tou xdmolo urvuua
avalitnong mouv AauBdvel. Kabdg npowboldvral to unviuata oynuatiletar o dévipo tou
oyfuatog 3.2a. O bpog dévipo lowg va unyv elvan apxetd axpPnc yratl xdmoltog xéufog
unopel va undpyel tapandve and ula Popd oTov YPdPo autd (apod uTdpyouy xixhot) A d

BonbdeL 6TO Vo OTTIXOTOLAGOVUE TNV ETLXOLVWVLAL.

[N va teproptotel 1 ave€éleyxtn TALPUYEA TOU SLXTUOU UE UNYOUATA 1) ETLXOLVOVIX GTOUUATS
/7 ré 4 z ré /. z /7 ré ! /4 ré
6tav @rdoouue ot éva péyloto Bdbog t eved av €vag xéufog Adfel To (8lo urvuua TapaATdvVe
/ ’ z ’ ré /7 ré 4 7
and ula @opéc dev to emavanpowbel. Kdbe xouBoc eetdlel av n avalntoduevrn unneeota
Beloxetar 1) 6yt oty cache tou o avtiotolya evnuepdvel Tov apyxd x6uBo 1| npowdel To

WAYLUA TORATE Q.

To Baocuxd yetovéxtnua tou flooding eivar o ToAd ueydhog aplbude unvuudtwy Touv TANUUL-
ellouv T0 dixTUO, 0 OTMOlog UdAeTa avgdvetal exfetixd wg mpog To Bdbog t Tng avalitnong

ahAd xou wg mpog To uéyebog tng cache k.

Teeming
To teeming elvon ylo axdun puébodog avalftnong mov oyedldoTnxe Ue oTOYO Vo TEPLOPLOTEL

o aplbuds Twv unvuudtwy oe oyéon ue to anid flooding. Xtov alydpibuo autd, o xdbe
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npdxtopoc Tou AauBdvel éva uRvuua avalAtnonc To tpowbel oe Eva tuyalo urooUvoio TwWV
P pag - P X

YELTOVWY TOU.

O %d0e mpdxtopag emhéyel pe pla mbavétnTa @ va Tpowbroel ¥ 6L To uRvuud e XATOLOV
veltovd tou. ‘Etoi, av K elvan ou yeltoveg evog peer, to uéyeog tou unocuvoéiou awtol
umopet va elvar and 0 wg K, ue uéoo péyebog K¢. To aniéd flooding umopel va Bewpnbet wg
uia ey epintwon tou teeming ye ¢ = 1. Ilapduota teyviny eivar to modified random

BFS [11].

O alydpibuog autdc eyyudtol uévo mbavotixd tny emttuyla tne avalitnong. '‘Oco mo uixed
elvat To @, t600 Aydtepol xouBol Oa Siepeuvnloly Ue ATOTEAEGUA VoL EYOUUE XAl ULXPOTER
mhavotnta edpeong anotehéopatog. ‘Ouwg mepopllel apxetd tov aplbud Twv UnvuudTey

6o édetgav oto [10].

Teeming ye nopduetpo decay

Kabdeg xateBatvouue oe yoaunhdtepa enineda tou dévipou avalntnong undpyouvy 6To SixTuo
moAhamAd avtiypaga Tou Blou unviuatog avalitnong. ' mapdderyua, oto flooding ta
unvouata autd avidvouy exfetixd énwg undpel va del xavels xoa oto oyrua 3.2. Ta va
avtueTwnicovue autd to mEdBAnua, 6co to Bdbog tng avalAtnong auEAVETAL, UELOVOUUE

otadloxd to Péyefog Tou UTOGUVOAOU TWV YELTOVMY TOU ETLAEYETOL.

'Etou i mbavétnta ¢ dev napauével otabepr) ahhd elva cuvdptnon tou Bdaboug tng avaln-
wong. ' va eAéyEovue to méoo ypryopa uetdvetar to Yéyebog tou unocuvélou auToy,
optlovue uia tapduetpo d mou tnv ovoudlouvue «decay». I éov n mbavétnta ¢ elvan cuvdpe-

nomn tou Bdboug e avalhtnong s, aAAd xat tng mapouétpou decay d: dnhadn ¢ = f(s,d).

[ewpopatiotixaue ue apxetés cuvapthoels pelwong e mbavémrac f(s,d). Enedd édnog
Tpoavapépaue xatd TV Aettovpyia evég alyoptfuou flooding Ta unviuata oto dixtuo au-
gavovtan exfetixd cuvapthioel Tou Bdboug avalitnong, Thpaue To XAAVTEPA ATOTEAEGUATA

6tay 1 mbavétnTa ¢ petdveton xat avuth exfetxd. Anhad étav ¢ = (1 —d)*.
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Tuyaio povordtia (Random paths) [12, 10]

Ytov akydplfuo autd o peer mou Eexwvd Ty avalptnon emxolvwvel ue p < k yeltovég
tou. Amé exel xou mépa xdfe peer mpowbel To uHvuua udvo oe évav, tuyala emtheyuévo,
yeltovd Tou. "'Etol dnuovpyolvtal p povondtia avalitnong uixoug t. Xtov alydplfuo autd
ouvfug emhéyetan ToA) peyakitepo TTL oe oyéorn ue Toug Tponyoluevoug £T6L HOTE Vo
avalntioouue ot éva enapxéc LTOGUVoAo Tou duxtdou. Eivar gavepd 6t auth 1 uébodog
EYXEL TO WXPOTEPO QPOPTO UNVUUATWY, OUWS EYEL XAl TNV WxpdTepn TLOAVOTNHTA EMLTUYOUC

avalhnong.

Yrdpyouv tohhég mapalhayéc autol tou alyopiBuou. O k-walker random algorithm [13]
napdyel k-walkers mou npoywpdve oto dixtuo emxOLVLVGVTAC TEPLOdLXd ue TOoV query node
vl var udfouy av mpénet va atopaticouy ) va cuveyicouv (av 1 mAnpogopia Beébnxe). Xto
Two-Level Random Walk Search Protocol [14] undpyouv 390 TTL. Méypt va AMZet To npdto

TTL nopdyovtow walkers mou cuveyilouv uéypl va Aget To devtepo.

Iterative deepening

H uéBodoc tou iterative deepening mpotdbnxe pe otdyo va ehaylotonojosl o UnvouaTa
Tou Tpoxahovvton and éva evpl flooding btav autd dev elvan anapaitnto [15, 16, 12]. Tnv
xenowonotolue 6tay yYvwpllovue 6TL 1 TAnpogopla €xel ueydheg mbavétnteg va Beebel otny

«yeLTovLdr evog xouSBou.

Ovolaotixd xahodue xdnola and Tig mapandve uedddoug avalitnone ya t = 1. Av n ava-
{ftnom dev emotpédetl xavéva anotéleoua, enavaraufBdvouue Ty avalntnon ue t = 2 x.0.x.
uéyet va Bpovue v avalntoluevn mAnpogopia. Adyw tou 6Tl Ta unviuata g avaln-
mnong avidvovtal exfetind doo auvidvetar To ¢, elvon mhavd uia emavaknmixy avalhtnon
vt = 1,2,3, yia nopdderyya, va em@épel GUVOAXA AydTepa UNVOUATA OE GYECT UE UL

aneubelog avalntnon ye t = 4.

Havemothuto Inavvivey, Tudua ITIAnpopopLxyig Acovtiddns Hilog



34 ITepuypagpr) LOVIEAOL CLGTHUATOG

Acovtiddng HAlog Havemotiuto Inavvivey, Tudua ITIAnpogopuxrig



Kegpdiowo 4
DIYETIXES EQYACLES

Yto xepdhato autd Ba mapousidcovue TEPANNTIXG GAAES EpELYNTIXES epyaoieg mou elval
OYETXES UE TO avTixeluevo Tng Sixrg wag epyaciac. Oo TapoucLdcouUE epyacieg TOL GYETI-
Covton pe akyoplBuoug evnuépwong oe ouatiuata P2P. To tu Bewpeltoan evnuépwon Sapépet
and epyacia o gpyacio. O ahydplbuol Tov o TAPOVCLAGOUUE XENOULOTOLOVY TLS ETUSNUL-
xég uebddoug push xan pull yia v evnuépwon ondTe xplvouue oXOTLUO VA TAPOVGLAGOUUE
gpyaoteg mou e€etdlouy dhheg yenoels Twv alyoplfuwy autdy. Mia dAAn oudda epyaotody
oxetileton ue Ty evnuépwaon avttypdewy. To avtiypapa autd uropel va elvar replicas piag
xotaveunuévng Baong dedouévmv 1) xat anid apyela. Téhog Ha Sodue mou aAlol €youv yen-

owornowndel €vvoleg 6Twg To snooping xat To leasing mov O ypnouono ooLUE TUEAXATE.

Evnuepdioeig oe avaéiomota cuotiuata P2P

Ou emdnuixol alydplbuol yenouuomoinxay yio TpdTN Popd GTOV TOUEN TNG EVNUERKONS
oto [17]. H epyaocio avth emxevipdveton oe avallénmiota, Suvouuxd xou aotabh P2Pénou
oL x6uPol unopolv va etvan ouyvd offline. Ou cuyypagelc unobétouy éva TANPWS SuvauLxd
nep3dAloy 6mou dev urmdpyet xabohuxr| YVOOT Yot TOUG UTOAOLTIOUS PEErs TOU GUGTAUATOG.
Oewpoly 6Tl oL ahhayég ota Swoauotpaldueva dedouéva elvar mToAEg xal ocuyvée. (g ex
ToUTOV, YO YOl ETULTUYOVY AVTOYN OE ATOTUYIEC TEOTELVOUY WS LAV AUOT) TNV AVTLYPAPY| TNG
TAnpogopiac oe mololg peers (replication). Yuvendg, otnv epyaocio auth xahodvtal va

Beovve alyopibuoug mou va xpatoly Ta avtiypapd Tng TAnpooplag GUVETY.
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H péfodoc nou npoteivouy Baoileton oe emdnuixolc ahyopibuoug (rumor spreading and
epidemic algorithms) nov eyyvolvtor uévo mbavotixf emtuyio evnuépwons. Opilouv v
évvola tou push: O mpdxtopeg mou aArdlouv xdtl ota dedouéva Toug xdvouv push oto
dixTuo TNV TANpogopla auTH KoTe va TNV udbouy 6lol. o va avtiuetwnioovy To yeyovog
6T xdmnotol peers unopel va Ntay offline xatd v Sudpxeia tng evnuépwong cuvdudlovy TNy
uébodo push ye v uébodo pull, xatd tnv onola avalntody nAnpogopicg amd o dixtuo and

EVNUEPWUEVOUS TPAXTOPES.

Me otdy0 mavTa Ty Aettovpyla o actaldn tepiBdiiovta, opllouy Tig TapauéTeous Tou push.
OptZouv tov 6po time to live (TTL) mou elvow o péylotog aplbuds tTwv npowbhiceny nov
yivovtan oe x&6e urAvupa xatd my didpxeta e ntAnuuipas (flooding). Erione avagépouv
6TL 0 xdfe peer Ou mpémel va mpowbel To uMvuUa o Evay TUYALO UTOGUYORO TMV YELTOVKY
tou (xat byt oe 6houc). Télog, yia va anopidyouy Tig enavauetaddoels opllouv bt xdbe

peer Oa mpénel va uetadidel To (8to urvupa To TOAD ULa Popd.

Télog, avéhuoay TNy anddoon Tov ahyoplbuny autdy ue éva avahutixd yadnuatixd po-
4 4 V4 e 4 4 ’ I4
vTELo xau €detéav OTL Yo XATIAANAES TWES TwV TopauéTpwy Tou push unopel va emiteuybet

xhudxwon (scalability) tou alyopiBuou.

Evnuépwon avtiypdgpwy o cvotipata avioadlhayns apyeioy

Y7o [18] aoyoholvtal ue Ty evnuépwon aviypdeny ot P2Povotiuata avtadlayhc apyelwy.
Yrnobétouv 6Tt ota P2P8ixtua avtalhayrg apyelowv yia xdbe apyelo undpyet Evag yenotng mou
T0 dnuooievoe Yo TEGTN Popd (Snuiovpydc) xaw ToAlol yprioTes Tou To €youy xaTeBdoeL Xau
10 Ypnowonowoly Tomxd. To npdBinua elvan 6Tt dtay o dnutovpyds alrdéel xdt oto apyelo
TOTE QUTY 1) EVNUEPWO TEETEL VAL YLVEL YVWOTH xat o auTtolg Tou To xatéfaocay. Autd €yet
300 ouvéneleg: TPMTOV oL YENoTeg Tou xatéBacay To apyelo Hua mpénel va ypnoluonololy TNy
Tomuxy| cache uévo av €youv tnv mo npdogaty Eéxdoon xal debtepoy o mpémel Vo anavTovy

Betxd oe queries u6vo av 1 €x300m O €Y0UV Elval CUVETHC UE AUTY| TOU dNULOLEYOV.

Xenowornoinoayv tic uedddoug push, pull xow push with adaptive pull yia va tpowbricouy
autég Tig evnuepwoelg. H uébodog push Eexwvd and tov dnuiovpyd Tou apyelov dtav aArdéel

z z 4 4 7 . . . 7 ’
xdt. OuolaoTind, otélvel unviuata axdpworns (invalidation messages) oto dixtuo étot
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Hote va Swaypddouy 6hol ta Tomxd avilypaga. ‘Ocov agopd v uébodo pull, enedy) ot
Tpdxtopeg dev yvwpllouv av To apyelo mou yenowwomololy elvar 1 teAeutala €xdoon Ou
mpémel meplodixd va xdvouv pull véeg exdboeig and to dixtvo. 'Etol emxevipdinxav otny
uébodo pull with adaptive TTR 6mou xd0e avtiypagpo €xel Eva ypdvo AEns. O ypedvog MEng
unoAoyiletan pe BAcT OTATIOTIXA GTOLYELX XL OLUGLACTIXE elval TO SLACTNUA TIOL 0 YPNROTNG

«oTeVEL OTL 0 dNuLovpY oS dev Oa ahhd&el xdtL oto apyeto.

H epyaoia howndv emixevipodvetar oo va Beebel n Tyurn autol Tou yedvou ue Bdon naiidtepa
ré /7 z / /7 /7 ’ /7 /7 7

otatiotxd. H yevixr| 18€a yia Tov unohoyloud tou ypdvou MEng elvon 6TL autdg Ha mpénel va

augdveton xato Yo otabepd av oe duo dtadoyixd pull Sev £xel aAAdEeL 1) Exdoon To apyelov

14 /. z7 z z, I4 4
xou avtioTtolya va uetdvetol 6tay og duo Stadoyixd pull Bpodue to apyelo ahhayuévo.

EZouolwoay éva P2Pdixtuo avtalhayfic apyelwy nov ye Bdon to dixtuo Gnutella [5] xou
edetéay OTL unopel va emttevydel auTod TOL EBOUC 1) CUVETELX YENOLLOTOLOVTASC TOV GLYSU-
oué push with adaptive pull. Eniong édeilav étt n andédoorn tou alyopiBuou ennpedletar

/ z 4 / /7 z ! Vé /7
and to péyebog Tou dixtdou xou and Tov apliud Twy cuVdEcEwY Tou dlatneel xdbe xouPoc.

Y duwer| poc epyaoia, epapudlovue Ty dla apyixer Wéa twv akyopibuwy push/pull ahhd
dtapopornolovuacte oe apxetd onuela. [lpdtov, dev €youue TAéov avtiypaga apyeiwy aArd
Oéoec tne umnpeotiag oto dixtvo. XNy Sy wag mepintwon eite Oa Bpodue uia urnpeotia
elte OyL. Aev undpyel meplntwon va ypnowwonotoVue o taldtepn éxdoon tTne unneeciog
xo dpa o ahyoplbuog pull with adaptive TTR 8ev €yel egopuoyy. Emmiéov, unobétouy
6t 1o dixtuo gnutella oynuatiler ocuveyog éva overlay dixtuo xpatdvtag €vav otabepd-
ehdyLoto aplbud yertdvmy xdbe popd. Xtnv duxy) uwag nepintwon To dixtuo twv caches elvar
70 emoAUTTLY dixtuo. OuolaoTixd euelc EVNUER@GYOLUE TO (BLo To SlxTuo Xat Oyt avTlypapa
apyelwY Tou undpyouy oto dixtuo. Téhog, enextelvouue Toug akyopibuoug push/pull pe Toug

alyopiBuouc push with snooping directories xou inverted cache push/pull.

YuvEnela oe xATAVEUNUEVES [BAoelg dEdOUEVWLY

O ahyépibuot push/pull ypnowonomfnxay xar oe éva dtagopetind nedio dnwg autd Twy
Bdoewv dedouévwy. Xto [19] aoyolinxav ye to mpdBinua tng evnuépwone oe Virtual
Data Warehouses (VW) ypnowonoudvtag toug alyopiBuoug push/pull. H déa elvon 61
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To dedopéva Tou UeTaépovTal and amouaxpuouéves Bdoelg dedouévwy anobnxedovtal oe

éva VW. 'Etol 1 cached auth mAnpogopla yenoiuedel 6to va eEUTNeeTioeL TG avayxes TV
4 4 /7 /7 ’ 4 4

xenotov nou Ha cuvdebolyv oe autr. O cache server autdg elvan unevbuvog va anolnxedoel

xat vou ouvtneRoel Ty cache (ouvéneia).

Yto obotnua autd, o cache server ypnowonotel Tov akybéplbuo push yur va evnuepdoet
/4 z 4 4 4 z z z 4
Tou yprotec (neldteg) bt éhafe éva véo update and xdmotov anouoxpuouévo server. O
’ 14 7 z z 4 4
{8tog o server Statnpel Ty cache tou cuveny| xdvovtag Teptodixd pulls yia véeg exddoelg Tng
I4 z ! ! /7 /. /7
Thnpogoplag. Enouévmv, 1 Swadixaotia elvan amhn: O cache server evnuepdveton ue pull and

TOUG ATOUAXPUOUEVOUG servers ot Tpowbel (push) ty Thnpogopla auth otoug Ttedteg Tou.

H epyaoia autn emixevipdvetan xatl oto noTe Tpénet va yivetow push éva dedouévo. Aoyolel-
! 4 z /. /7 Ié ’ Ié
T XLUPlwg UE €va LoVTENO petoy®dy. Ondte yia mopddetyua, dev yivetan push otoug nehdteg

N TN WLag ETOYNS oy auTy) dev ahAdel teploadtepo amd éva SoAdpLo.

Leasing

O époc lease time npwto-ypnowwonouifnxe [20] yio va enttdyet ouvénela cache oe ouoTHuata
xataveunuévey apyelov (distributed file systems). Eniong, ypnowwonouifnxe [21] ue otdyo
va dlatnprioel Loyupr) cuvérela oTov aryxbouto toté (world wide web). H déa elvar 6tu
Yl vo ano@Uyouue Tov UEYdAo @bpTo oTo internet, ypnouwwomnotoVue proxy server. ‘Ouwg
oL TAnpogopiec mov yivovtan cached otoug proxy servers umopet vo unv elvat mévto owotéc.
O nepiocdTepol unyaviouol eyyvoivtar uévo yaldapr ouvérmeia moapéyovtog otabepd time-

to-live n xdvovtag neplodixd pulls yio va oryoupebouy éti v cached mAnpogopla elvar axdua

€yxvpen.

H évvowx tou leasing npotdlnxe dhote va Swatnenbel avotnen cuvénela ue uixpd @opTO UN-
vupdtwy. ‘Etol o server divel éva ypbvo lease oe xdbe ailtnorn xdnowov proxy. O ypdvog
auTég UTOSNAMVEL TO Ypovixd BLdotnua oto omolo o server Ho evNUEPOOEL TWV Proxy yLa
/4 /4 ré /7 . z /4 7z
mhavn alhayr. Edv Aigetl to lease time o proxy server mpé€mel var ETIXOLVWVAOEL XoL TEAL UE
TOV Server yla va avave®aoel To lease malpvovtag tautdypova xatl Ty véa €xSoor tng TAN-
pogoptag. "'Etol unopolue va emnpedcouue Tov apliud TV UNVUUAT®Y Tou avTaAAdccoVToL

(avavedoeic lease time) ypnowwonoidvrac dapopetinég Tuwés Tou lease time.
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Snooping

H évvoia tou snooping ypnowwonowifinxe yia Géuata cuvénelag tng cache twv enelepyaotdy
oe nolvemelepyaotind ovotiuata [22]. Kdbe enelepyaocthc datnpel v mpoownixy tou
cache ywa Aéyoug anddoong, QUAdeL Snhady) avtiypapa TN XeVIPXAG UVAUNG UE GTOYO VA
emtayOvel Ty mpoonéhaon oe avtd. Ilapdia autd, xdnolog dhhog eneepyaotic UmopEl
vor ahAGEel dedouéva 6TNY XeVTELXY| VAU UE amoTéheoua Ta dedouéva 6Ty cache xdmolou

eneepyaoTy| Vo TEENEL axupwBhoiiv.

To npwtbéx0hAo snooping e@apudoTNXE XVPlKS 6 GUCTAUATA TOL GAOL OL eNeEepYATTES Elval
4 z /7 ! 4 /7 /7 ! Z
ouvdedeuévol oe Evay xoLvd dlavho. XNy apyltextovixny autn, 6,Tt TANPOYOoElES AVTAAAACTEL
xdmolog enedepYAoTAC UE TNV UVAUY YivovTol dueca YVwoTég oe 6Aoug ool OAOL «axoVY»
4 4 ’ /7 : ! 7 /7 z /7 !
Tov (8to lavio . 'O bpog snooping onuaivel Aowndy 6TL xdnolog enelepYaoTNg Topaxoloubet
4 /. 7 z z 4 4 z z
Tov 3lauho xatL oy SLAMLGTMOOEL TL xdToLog dANOC eNeepYATTHS TPOTOTONCE XATOLO XOUUATL
uvAunc mou éyet otnv cache tou téte axvpdvel to avtiypapsd tou (snooping = yhve TV

0T pov, eedy) o xdbe enelepyaoTHS AXOUYEN TIC ETUXOLVWVIES TV GAA®Y UE TNV UVAun).
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Kegpdiowo 5

ANyobplbuol evnuépmong

'Eva obotnua open MAS elvar Suvouxd xow cuveydg uetaBaiiduevo: xoéufol unopel va
tefodv extds Aettovpylag 1 xar va petaxivnBodv. Me tov 6po xivprixdtyra (mobility)
evvoolue 6Tl évac Tpdxtopac 1 wia unneeoio uropel va ahhdiel Béomn oto dixtuo. Odon (lo-
cation) evéc x6ufou, unopel va Bewpnbel n tAnpopopia nov ypeialduaote yia va emxolvw-
vijoouue ue tov ovyxexpiuévo xoufo. I'a napdderyua, Béon unopet va etvon 1 diebbuvon IP
oe éva puoxé TCP/IP 8ixtvo. Ou yetaxivioels elvon ouyvéd gatvéuevo oe noAkd P2Pdixtua

xat xuplwg oe dixtua and xvntolc tpdxtopes (mobile agents).

To upovtého mou nepiypddope oto xepdhawo 3 elvor apxetd anotehecuatind 66OV aPopd
7 Ié ’ 4 4 7 7 ’

v avalAtnorn ahAd anoutel To dixtuo Twv cache va elvar cuveyog evnuepwuévo. ‘Ouwg 7

uetaxivnon evég TpdxTopa 1) ULoG UTNPestag UTopel va TpoxaAécel aouvéneta oTny cache Twy

vrodoinwy (cache inconsistency) . Ilo cuyxexpuuéva, av utoBécovue bTL xdnolol npdxTopeg

4 7 ré ’ ’ ré

éyouv oty cache toug v Béon tou mpdxtopa A. ‘Otav o A uetaxivnOel, oL mpdxTopeg

autol Ha éyouv anobBnxevuévn Ty takd Béon tov A. H havBoopévn aut (takid) thnpogopia

ovoudleton un-€yxuvpn eyyeapr oty cache 1 invalid cache entry.

Ta mpéPBAnua mou dnutovpyeitar and Ty uetaxivnorn evog xéuBou elval apxetd onuavTixs.
Kdbe petaxivnon dnutovpyel évav aplbud un éyxuvpnmy eyypapdy otny cache xat xdfe un
€yxvpo cache entry mpdéxeital ovclaoTIXd Yylor Ul ALYOTERY) axUy) GTOV YPAQO TOU Qalve-

T 07t0 oynua 3.1. Av €youue TOMEC UeTaxLVAOELS UTopel YPYopa O YPd@Oog Vo YiVeL un
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ouvexTixog dnAadh va ywpelotel To SxTUo Uag OE ToEATAVK amd €va UTO-3IXTud TTou Jev
ouvdéovtan petadl touc. Emmiéov ov ahydplfuol avalfitmone (xou yevixdtepa ot akybplb-
uot Tov Baocilovtar oto flooding) Soukebouv xakitepa btav o Babude twv xbuBwy eivar o

ueyahitepog duvatdg xou éva invalid entry onuaivel éva connection Avyétepo.

’ / / ’ / / / / /7 /7

Ouwg, to onuavixdtepo mpdBinua elvaw otL 5 véa Béon tou mpdxtopa dev elvar yvwoty
/ 7 /7 !’ /7 / /7 7 /7 !’ ’

oe xavéva agol 6hol Yvwpllouv ubévo TNy maid. Autd onualver 6Tl xavelc dev unopel va

emucoLvwvioel Yall Tou, dnhady) uetd tnv uetaxivnon o mpdxtopag elval anoxouuévog.

Xto xepdhato autd mpotelvouue xdmoleg UeBOSoug Yia Vo avTLUETWTIGOVUE TO TEOBANnUAL:
mpoteivouue akyoplBuoug mou gpovtilouy va Statnenfoldy 6To eEAIYLETO TS UN-EYXVPES EY-
veagéc otne cache (invalid cache entries). Ou ahydpiBuol autol ovoudloviow adydpibuo
evnuéowonc (update algorithms) apod gpovtilouvy va evuepBdOOLY TOUS TPAXTOPES TOL di-
%«TU0OU VLA TLC UETAXLVAGELS TTOU €YLVALY, (DOTE XOL AUTOL UE TNV GELPd TOUS VO EVNUERHDGOLY

Tic cache Toug ue T véeg Oéoelc.

Ovolactind, ue 1o va evnuepdvouue Tig cache Twv mpaxtédpwv, evnuepdvouue Tig BlEC TIg
z ! z z /. ! !
ouvdéoelg Toug e to dixtuvo. Katd cuvémeia evnuepdvouue v (Sl TRy Tomoloylo Tou

Suetdov.

Yndpyouv Suo Baouixég xatnyopleg alyoplBuwyv: pull based mou Eexivoly amd Toug TpdxTOopPEg
mou €youv Ta invalid cache entries xou push based mouv Eexivolv amd TOUC MEAXTOPES TOUL
petovolvTal. X To Xe@dhato avtd Ou teptypddouue Tig 3Vo autég Baoixéc xatnyopleg xabidg

xo xdmoloug alyoplbuoug mou TeEoxUTTOLY AT TNV CUVSLACUEYY EPAUPUOYY| TOUG.

Ou mpotetvouevol alydplbuol pehetilnxay xau TeEpapATIXG UEGW EEAVTANTIXGDY TEOCOUOLG-
OEWY TPOXELUEVOL Vo Stamiotwlel 1) anoteAeouaTixdTNTE TOUG XL OL CUYXELTLXES ETBOOELS

Touc. 'Eva tuiua twv anoteleoudtwy autod tou xepakaiov napouctdotnxe oTo [23]
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5.1 Alyéeibpog pull

O Saduxacto pull Eexivd and toug mpdxtopeg mou BEAouy va evnuepwholy yio Thavég ah-
Aayég mou €ylvay. Av omoladnrote oTLyun xdmolog mpdxtopas avtiAngbel ot n Béon wog
umnpeatag oty cache dev elvon Eyxupn, Eextvd wia Stadixaotio avalitnong oto dixtuo. Ava-
{ntel v véa Béom tng umneeotag dote va avtxataotiost Ty AavBaouévn eyypaen. oty
dtaduxactior auTyh umopel va ypnoluonolnbel onoloadnnote and Toug alyoplBuoug avalitnong

Tou meplypddaue TNy Tapdypapo 3.4.

Av urnofécouue 6Tl TouldyLoTOV Eévag Tpdxtopag A Eépel v véa Béom tng umneeoiag B,
TéTE edv TO Prvuua e avalitnong @tdoel otov A, o A Qo evnuepdoel Tov TpdxTopA TOL
Eexivnoe v avalntnon yia v owotr Béon g unnpeotac B. Ilapdha autd, 7 diadixactia
auth unopel va unv emoteédet tdvta Ty owoty Béon Tou B. Mnogel n unneecia B va €yet
uetoavnbel topandve and uia gopd xow 0 A va yvopllet yev yia vedtepn Oéon, ahdd oy Ty

w0 moéopatn (owth Tou Boloxeton Tdea).
pooPaATy Y| P P

[ va avtipuetonicovue To nopandve tedBinua, yio xdbe unnpeoia xpatdue €vay adEovta
/7 ’ V4 4 ’ ré -
apbud mou cuuPoAilel Tov aplBud TWV UETOXLVACEWY XL Tov omolo ovoudlouue location
sequence number (LSN). O aptBudc avtdg auidvetow x8be popd mou petaxtveiton 1 utnpeoia
N o mpdxtopas. 'Etol, 1o é1 évac mpdxtopag avalntd vedtepn Oéom xdmolag unnpeciog
onuatvel 6TL Pdyver Yo xdmotov dhho mpdxtopa Tou €xel atny cache Tou TNV unneecio auTY

ue ueyadvtepo location sequence number and avtd mov €xel GTNY dixY) TOU .

Mo nopddetyua, énwe BAénovue oto oyfua 5.1 6tav o ay yetaxivnbel avédvel to LSN oe
6ha to resources mou mpoo@épet. Ilapatnpoldue duws 6t 0 a; Yvwpllel axdua Ty makd
(un-éyyupn) Béon tou as. 'Otay o a; anogaocioet va xdvet pull yia v Ry 0o npénet var paet
070 dixtuo Yl x6uBoug Tou Yvwpllouv vedtepn Béon tng unneeotiag, dnAadn yio xo6uBoug

mou €youv otnyv cache toug Béon ue LSN > 5.

O npdxtopag mou avalntd evdéyetar va AdBel ToAAéC anavioelg and éva udvo search query
(amo dragpopetxd paths Tou flooding). Xtnv nepintwon auth, xpatdel To anoTéAeoUa UE TO
ueyohitepo LSN. Enetdn xou ndA unopel pev va dpet wia o npbogaty Héon (ueyahitepo

LSN) adA& byt v teleutaia, iowg ypetaotel va enavaldBet Ty avalAtnomn, Ypnouwonoldviog
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Mapexopeveg
UTTNPEODIiEG
= R:LSN=6
Ry LSN =2
Ry LSN =3

Néa Béon

Cache Tou a,
R,~>a,; LSN=5
=

\

Mapexopeveg
UTTNPEODIEG

RyiLSN=5
Ry LSN =1
Ry LSN =2

MaAia Béon

Yynua 5.1: Meyahitepo location sequence number onuaiver vedtepn mAnpogopia

ouvey g avéavéouevo LSN. Anhady, yenowwonotel yio Ty enduevn avalitnon 1o ueyarhitepo
LSN nov enéotpede 1 auéong nponyoluevn. O akydplBuog gaivetor avahutixd 6To oyfua 5.2
Puouxd, dev umopel va enavahauBdver Ty avalitnon en”dnelpo agod UTopel 0 TEAXTOPAS

ToL TPOGPEREL TNV avalnToluevn utneeotia va elvan anAdg extdg oUVIEOTC.

H Swadixactio pull urogel va yivel ye 8%o tpdnoug. "'Evag mpdxtopag unopel va xdvet pull
%d0e @opd mou avtihaufdvetat 6tL 1 cache tou €xel invalid entry, yia nopddetypa, 6tav tpo-
oTaONOEL VoL ETIXOLYWVAOEL UE TOV TPdXTOPA OV EYEL TO resource xou anotiyet. H Siadixaoia
auth ovoudletan pull xab’araitnon 7 on-demand pull . Evalhaxtixd, uropel vo xdvel pull
v cache mepodixd (periodic pulling). H Siadixaocioa auth éxel Tnv évvola Tou VoL avoved)-
osL TNV cache mpoAnmtixd, moty ypetaotel va to avaxadler dtay ypeiaoctel TV unnpeoia
(prefetching) dote va anogiyel xafuotepfioelc (communication latency). Emniéov, pe to
Vo eTavapépouue Teplodixd tnv cache dAwv Twv mpaxTépwy, xpatovue 6Ao To dixtuo eV
UEPWUEVO UE ATOTEAECUA VoL ETULTAYVVOUUE Xat TG Stadixacieg avalATnong xat evnuépwong.
[Topdha autd, to meptodind pull dev Oa mpémel va yivovtar mohd cuyvd yrati évag ueydog
apbuode and pulls umopel va odnynoel oe VYNAS POETO UNVLUATWY 6To dixTuo. Mmropolue
VO (PNOWWOTOO0VUE OTATIOTIXE (doTe va xdvouue pull 6tav motedouue 6TL €va peydho

1060016 Tng cache xdmolou mpdxtopa elvar un €yxupen.
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Apxund Oétoupe search sequence = LSN (location sequence number otnv cache)
pEYPL va PBpebel n cwoth B€om
{
ANAZHTHEE
7 ndmoLov mpdutopa mouv €xelL cached tn O€om pe LSN > search sequence
7} Tov (dLo To resource

HPATAPE TNV amdvInomn Me To peyaAVtepo LSN
search sequence = To sequence Tng ATAVINONG

av o mpdutopag elvat évtwg otnv O€on mou em€otpede n avalATnon
{

avavedvouue Tnv cache (véa O€orm, véo sequence)

TEPUATLOMSG aAYopiOpov

Eyfua 5.2: Alyépibuog pull.

5.2 Alyépibuog push

O akydbplBuog pull dev unopel va Souréder and udvog Tou yatl anaitel TovAdyiotoy évac
Z 4 Z z ! /4 ’ /7 /7
mpdxtopac va yvwp(let Tny véa Géon tng unnpectog mou petoxvitnxe. Eivat @avepd 61l o
TEAXTOPAC OV UETAXLVEITAUL TEETEL VAL YVWOTOTOMGEL TNV aAAayn auth o €vay apliud and

dAhouc.

H yevuxr 3éa elvon 6L 0 Tpdxtopag mou petaxivelton tpowbel (xdvetl push) éva ufivoua tou

neptéyel v véa Tou Béon oto dixtuo. O otdyog Tne yetddoong auvtig elvar va @tdoet To

wivoua o 600 TO SUVATO TEPLOTOTEPOUS TPAXTOPES TOU StXTUOU (HOTE YO PTACEL XAl OF

600 10 dUVATO TEPLOGOTEPOUS TPAXTOPES Tou €youv oty cache toug TNy makd 6éor. "OTayv
z z / /7 z Ve Vé /. /.

xdmnotog Adfet to unvuua avtd, eEetdlel av YpetdleTol Vo XAVEL XATOLEG EVNUEPDOELS GTNY

cache tou xou mpowbel To urvuua raparépa.

Mrnopolue va ypnouywonoticouue onotadrinote uéhodo flooding embuuolue yio va Staddoouvue
auTy TNV TAnpogopta. o mapddelyua, uropolue val YeNoULOTOL GOVUE XdTola amd Tug ueho-
doug avalntnong mou meplypdgnxay oTo xep 3.4, ue xdmoleg Tpononotoels. Mdvo mou Tdpa

dev mAnuuueilovue To dixTtuvo ue unviuata avalAtnong aAAd ue unvouata evnuépwong. Ot
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x6uPol mou AauBdvouy Ta UnviUaTa SEV ATOGTENNOUY ATAVTNAOCELS, ATAL EVNUEPGVOVTOL Yo

™V ahhayt) xor tpowbhody To uRvuua.

5.3 uvduaouog push xouw pull

[Mopandve, neptypddoue dVo apxetd yevixég uebddoug mou dev unopolv va yenouuonotnboly
ouwg Eeywplotd: To pull dev unopel va yenowwomowndetl av dev undpéet push. Avtictouya,
yenowwonol)vtac wévo push dev elvar duvatd va eluacte olyovpol 6Tt dhol oL tpdxTopes Oa
AdBouv Tto univupa Tig evnuépwong. Autd yiatl To urvuua unopel va unv @TdoeL oTov mped-
xtopa 6tay autde eivon offline ¥ xan va uny @ptdoet xabbéhov (Aéyw TTL xth). O xotdhhnhog
ouvduaoudg Ty 0o mapandve uebddwy unopel va odnyhoel oe anodotixols akyoplBuoug
evnuépwons. lapaxdtw, o Tapouoldoovue TEELS SLAPOPETIXES TUPAAAAYES TOU YENOLLO-
roolyv Tig uehédoug push/pull yia va emttdyouy v oo to Suvatd evpltepn xar Ypnyopsd-

TEPN EVNUEPKOT] TOL SLXTUOL YLol XATOLL AAAAYY).

5.3.1 Amn\6 push/pull

Yto anhé push/pull o npdxtopac nmou uetoxiveltar anhéde petadider oto dixtuo TNV Véa
4 4 z z 7 z 4 /7 !

Tou 0éom. Anhadn, otéhvel Eva unvuua o €va LTOGUVOAO T®VY YELTOVWY TOU oL oToloL UE

TNV oglpd Toug To Tpowboouy ot €val UToGUVoLo TwV Bx®OY Toug YeELTOVWY x.0.x. H 13éa

4 /4 4 z 4 z 4

elvor amhy): emedn o mpdxtopag dev yvwpellel molol dAloL Tov €youv aTny cache toug, ue to

va. TAnuuvpioel to 3ixTuo pe UNVOUATo OTOYXEVEL GTO VO EVIUEPOOEL HGOUS TEPLGGOTEPOUG

uTOopEL.

Enedy) 6éhovue to urvuua va @tdoel oe 660 TO dUVATO TEPLOGOTEPOUS TPAXTOPES YENOL-
HOTOLOVTAG 660 TOo Suvatd UxpdTeEPO aplBud UnvuudTey dev Taptdlouyv éhot ot ahydplbuol
flooding. O anhéc alybptbuoc flooding (xep 3.4) et ToAG xahd anoteléopata 6oov agopd
TO T0C00TO TWV XOUBWY Tou evnuep®dvovtal alhd €xel ueydho overhead umvuudtwy. Ay
uetdoovue xatd okl to TTL unopolue va neploploovue Tov apliud TV UNVLUATOY aAAd

oL anopaxpuouévol xoufol dev Oa evnuepwboly moté. Amd tnv dAAM, o ahydpbuog ran-
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dom paths (xep 3.4) el eNdytoto message overhead adld ot x6ufol oL ETOXETTOVTOL OL
k-walkers elvar Alyol evéd 1 evnuépwon umopel vor apyNoel oNuavTiXd AdY® TV UAXELVGOY
uovoratiedy mov oynuatilovtat. H uébodog mou apudlel oto ouyxexpuuévo npdfBinua elvat

1) TPOTOTONUEVT €xd0aT Tou aAyoplfuou teeming ue decay.

O ahydéplBuog teeming ue decay Tarpidlel neplocdTERO 0TO TEOBANUA YLoTl EVNUEPOVEL Yo7]-
yopa évo ueydho oaplBud and mpdxtopes (ota mpdta BAucata Tou akyopifuov). Emmiéov,
eneldy) x6Bel Tov Tov pUBUG ueTddoong 660 TEpVdeL 0 ypEdvog Teplopllel T EMAVUUETASO-
OELC ETUTPEMOVTOG OUMS TAVTOYPOVA TNV EVNUEPWOT) ATOUAXPUOUEVWY XOuPwv. O yeron Tou

teeming with decay otov ahybpBuo push meprypdpetar avalutixd oto oyfua 5.3.

Ot Baowxéc mapduetpol Tou alyoplbuou mou ennpedlouv to elpoc tou push elvar To TTL
xou n mapduetpog decay. Pubuilovtag tig 800 autéc mapauétpoug umopolue va pubulcovue
T0 060016 TV XOUPwY Tou Oa evnuepwboldy xatd Ty Stadixacia auty). XpenolwonoLdvTog
ueyoaritepo TTL xou uixpdtepn decay unopoldue vo evNUER®OGOLUE TEPLGGETEROUS XOUBOUG
oaAAd ue avinuévo xbéatog unvuudteny. H ypnon yeyaldtepouv TTL enitpénet tny evnuépmon
ATOUAXPUOUEVKY XOUB WY eVE 1) Yeriom UxedTepng Tapauétpou decay exTOg TOU OTL ETULTEETEL
NV eVNUEPWOT TEPLOGOTERMY XOUB®Y, GUVETAYEL XAl TNV YENYOPOTERT EVNUEQKOY) AUTAV.
Auté ouuBaiver yiati ou x6ufol oo dévipo tou flooding (oyfua 3.2) Ha éxouv nepiocdtepa

ré Ié / / ’ /. 7
moudLd xan dpa meptacdTepol x6uPol Ha Beloxovtal ota avdtepa levels Tou dévtpou.

Eilvaw @avepd étL 0 ahydpbuog push dev eyyudtor 6t dhot oL x6ufol Ba Adfouy To uRvuua
evnuépwong. Autd umopel va yiver yio apxetolig Adyoug. T mapdderyua, unopet To TTL
va elvorn uixpdtepo and tny andotacy nou anatteltal yia vo @Tdoouue Tov Tpdxtopa (hops).
Enlong, unopel to uhvuua va unv @tdoer Adyw tne Tonohoylag Tou Sxtiou agold To dixTuo
umopel var elvarl un cuvBeETIXd 1) vau Uy elva SNUOPLAC 0 TEAXTOPAG TOL BeV EVNUERPMONXE
(6001 mepLocbTepoL TOV YVWpllouvy Téo0 TeploadTepoL UTopoly Vo Tou TpowbRcouy unviuata
evnuépwonc). Téhog, umopel va éyaoce to uAvupa evnuépwons Aoywm tou 6Tt Atay extdg

Aertoupyloc (offline) Ty dpa tne wetaxivnong.

'Otay xdnolog mpdxtopag avitingdel 6Tt n cache Tou €yel xdmolo un €yxupn eyypaen, Ho
mpénel va exxwvnioel Ty Yébodo on-demand pull ye otéyo va Bpel xdnolov mpdxtopa TOUL

€yeL evnuepwbel and to push mou €yel mponynbel. Av dev Bpel v véa Béom uetd xon and v
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av o mpdutopug peTomlvndel

OéteL s =1
T'ia #d6e yeitova A
pe mibavétnta (1-d) s
otéAvel To pvupa M(agent, véa O€om, s) otov A

av AdPel pivopa M(agent, véa O€om, s) yiLa Tnv aAAayr O€ong ndmoLou dAAov

av €xeL udmoia vumnpecio Tou PETAMLVNUEVOL TPdMTOPA OTNV cache
evnuepdvel tnv cache yLa tnv véa OB€om.

av s < TTL
s=8+1
I'ia #d6e yeitova A
pe mwlavétnta (1-d) s
mpowbel To pfvupo M(agent, véa O€on, s) otov A

Yynua 5.3: Ahyoplfuoc plain push émou: s = Bdfoc evnuépwong, d = napduetpog decay,
TTL = time to live

dradixaotia pull, avtd umopel va onualvel 6TL 0 mEdxTOPAg TOL TAEEYEL TNV LUTNEecia elvar
z /7 4 4 /7 z Z Z 4 z
anhd extog oUvdeong 1) 6Tl to pull dev €ptace oe xavéva mpdxtopa oL YVwEllEL TNV Véx

0¢on tng unnpeeotoc.

I va emitdyovue owoty) ouvénela 6TLg cache TV TpaxTépwy ToL SLXTHOU TEETEL VO XAVOUUE
Xenomn xou Ty 800 alyoplBuwy cUVSLAOUEVA, YENOULOTOLOVTIS OUWS TUEAUETEOUS Tou Oa
uog eyyunfoldv cwoth evnuépwon ue wxpd aptbud unvuudtwy. ‘Ouwg, to edpog tou push
(to méoo yeydro flooding Ba xdvouue) oyetiletan dueoa pe to edpog tou pull. Aniady,
av vl xdbe petoxivnorn xdvouue €va oAU evpl push, umopolue va exteAécouue €va mLo
neptoptouévo pull Adyw Tou 6Tt TepLUEVOuUE EVa UEYAAO TOG0GTS TMVY TRAXTOP®Y TOU SLXTVOU
va €yel €yxupn cache xat dpa va Bpodue mo edxola andvinon oty avalitnon tng véog
Oéonc. To dlo puoxd Loy vel xat avtiotpopa. 'Onwe Oa dodue xou apydTEPN OTA TELPUUATIXG
AmOTEAEOUATA, YPNOULOTOLOVUE TEpLoptoUévo push u6vo av o pubuds Twv YeTaxLVAoEWY Elva

TohG yeydhog (Yo vor amo@lyovue Tov auinuévo @ipTo Unvuudtny).
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5.3.2 Push/pull ye xataléyovg snooping

To anhé push/pull unopel va Behtiwbel av xdbe mpdxtopac Swatnpel évav xatdloyo twy
TEAXTOPWY TOoU UETaXVidnxay mpéopata e cuVdLAOUO Ue TNV YeNorn meptodixol pulling

(avtl v on-demand). O xatdhoyog autdg ovoudletar snooping directory.

'Onwg %o 6to anhé push/pull, 6tav xdnolog Tpdxtopag e { A& x4 h
, e pag uetaxiveltal anAd xdvel push oto
dixtuo TNV TAnpogopla yia TNy véa B€on. H Stagopd Tou cuyxexpluévou akyoplBuou éyxettat

/7 7 Z z 4 4 4

070 6Tl xdbe mpdxTopag mou Ba AdBel To urvuua push anobnxedel Ty TAnpogopia Tou ot
évay Tomxd xatdhoyo axduo xal av dev €xel oTnyv cache xdnowa unnpesio Tou UYeTaXLVN-
z z z /7 z . . ! 4
uévou mpdxtopa. O xatdhoyog avtdc ovoudletar snooping directory. H mhnpogopla auth
anofnxedetar wévo yua éva uixpd ypeovixd Sdotnua. Ilo cuyxexpuéva, xdbe @opd mou

Tpootifeton éva entry oo snooping directory AouPdvetr nuepounvio AAgne (expiration time).

H Saduxasto tou pulling elvon mapduota ue tou mpornyouuévou aryoptbuou, udvo mou Tdea N
avalrtnon de ylvetou uévo ot cache alhd xat 6TOUS XATAAGYOUS SNOOPING TWV TEAXTOPLY
mou ovpueTéyouy oty avalntnon. H ypron xataddywy snooping Ou Htav dyenotn av
%xdmoL0g TPdXTOpPIS EPapUooeL Tov alydplbuo pull agold mepdoel apxetd ypovixd SdoTnua
ané v uetaxivnorn tou mpdxtopa mou Ydyvel. Ilio ouyxexpuéva, meénel va avalntroet
Tpwy Aéel To expiration time tou push ywatl aAlidg dev Oa Bpelr xauid TAnpogopla oTa
snooping directories. 'Etol, ou mpdxtopeg Oa mpémel va evpuepdvouy oAdxAnpn tyv cache
toug meptoduxd. O ypdvog petalld Yo Stadoyxdy pulls o mpénel va elvan uixpdtepog 1 loog

ané To expiration time twv entries 6Tov xatdhoyo snooping.

H Omapén tou xatahdyou snooping Uog EMTEENEL VO YPNOLLOTO COUUE £va TOAD TEpLOpL-
4 4 z ré Ié /7 ’ Ié Ié

ouévo pull agod mAéov dev yperdleton va Pd&ouue o dho to dixTLOo XdATOLOV TEAXTOPA TOUL
4 ! / /7 z z /

va €yeL otnv cache Touv v umnpeoia. Enewdr) dhot ol mpdxtopeg mou Aaufdvouy To uRvuua

4 7 z z ! I / /7 z

push Bupolvtaw yia AMyo v véa Béon tng unnpeotog, apxel va Boolue tovAdyiotov éva
/7 z / Z Ve /4 7z ’ ’ !

TpdxTopa amd Tov omolo népace unvuua push. Ko enedn ol mpdxtopeg avtol Ha elvat mohhol

nepLocdTEPOL, apxel Eva ToAD mepLoplouévo pull.

Tavtdypova, o xatdhoyog snooping Unopel vo odnYNoeL o GUVETT cache ypnowonoldvrag

xoL oAU mepLoptopévo push. Autd woylet yati dev pag evdlagépel TAEOV Vol EVNUEROGOLUE
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600 TO dUVATS TEPLOGOTEROUG TPAXTOPES AAAE amAd Vo QTdoel éva ufvuua oc xdabe yetto-
A /7 * ! ’ /7 /7 ré Ve
vid. To neplodixé pulling mou yivetonw Oa eyyundel 6TL Aol ol mpdxtopeg g yeltovidg Ha

evnuepwholv yia Tnv véa Oéon.

INo mopddetyua av xdbe xéuBog xdvel pull otny 2-hop yeitowd, autd onuaiver Tt apxel va
evnuepdoouvue ue to push évav x6ufo oe xdbe 2-hop yeitowd. 'Etot Sev elvon anapaitnto
va yenowonooovue €va eupld push. Apxel va xdvouue push yenoiwonoldvrag xdmnotov
«ehappl» ahybpfuo 6nwe to k-random paths (xep A.1.7). Yto napdderypa tou oyRuatoc 5.4
BAémovye 6Tl xd0e mpdoivog xéufog Exel evnuepwlel and to whvuua push. 'Etol oe xdbe
Tpdoivo x6ufo undpyel oTov xatdAoyo snooping 1 TANpogopla 6TL 0 xOXxvVOg xOUPog EYEL
uetoavnlel oe doouévn Béor. Autd apxel yio va udbouy xar 6hot oL undloirol xéUfol TNy

TAnpogopla 6Tay xdmola oTLyur) xdvouy periodic-pull.

AMage Béon

O

Q KopBog mou Ba evnuepwOei katroia oTiyur pe pull.

. Koéupog mmou evnuepwOnke amd 1o push. ‘Exel o1o
snooping directory Tnv véa 8¢on Tou A.

YyAua 5.4: Topdderypa push/pull pe snooping directories étav xdvouue neptodixé pull oe

2-hop yettowd. "Olot oL xéufol o autd To Mapddetyua Ha evnuepwholdv

Pubuilovtag owotd tig mapauétpoug tou akyopifBuou (tapduetpol tou push/pull, expiration
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time, neplodog pull) o ahydptbuog avtdc unopel va emttiyet o (8to TocooTd EVUEPWONG UE

t0 anAé push/pull ypnowonowdvtac okl hybtepa unvopato.

5.3.3 Inverted cache push/pull

[ vo amogiyouue Tov weydho 6yxo unvuudtey tou ntpoxalel 1 @dor push, tpénel va yvwpl-
Coupe Tou VoL GTEIAOVUE TLG EVIUERPGOOELS WOTE VO UMV TS OTEAVOUUE TUPAL YENOULOTIOLOVTAG
xdmotov alydplbuo tomou flooding. H Baoixr idéa Tou evnuepwuévour push eilvar 6tL %dbe
Tpdxtopag Statneel Evay xatdhoyo amd Toug MEAXTOPES Tou €Youv aTnv cache Toug xdmola

unneeoto tou. Awatnpel dnhady wo aveotpauuévy cache (inverted cache directory).

'Otav xdmotog mpdxtopac HeTaxtveltat, ypetdleTal Vo evNUepOOEL UOVO TOUC TRAXTOPES OV
! z h IE /)\ /. /7 /A

Beloxovtar oty aveotpauuévn cache. 'Etol, éhot evnuepdvovtal dueoa, ue tov BédtioTo

aptGué unvuudtwy eved Sev anatteiton Théov 1 yprion tou akyopiBuou pull (agod éhot evr-

UEPMVOVTAL).

[Mapdha autd, to va amobnxedetar oAdxAnen 1 Alota Twv TpdxTopeg ToL Yvwpellovy Tov
Tpdxtopa umopel v uny elvar anodotxd. I'o mopddelyua, undpEyouY TEAXTOPES TOU €YOLY
dnuogthelc unnpeoieg, dnhady) unnpeoiec mou elvan cached and moAholg, xau ovoudlovrtal
Snuogiieic mpdxtopes. O xatdhoyog Tng aveoTpauuévng cache otoug dnuogilelc TpdxTopeg
unopel v elvol anoyopeLTIXd UEYIAOS UE AMOTEAECUA VO TPETEL VO XPATHOOUUE UOVO €va
nocootd tou. Katd ouvénela, agol dev xpateitar oAdxhnpog o xatdloyog, ue to push Oa
evnuepwlel udvo €va T0G00TS TV EVILAPEPOUEVLY XAl dpa YeelalduacTe xal Tov aAybplbuo
(on-demand) pull. 'Evag eninpbofetog Adyog nou yperdletat to pulling elvon 61t o npdixtopog
umopel va unv evnuepwbel axdua xou av elvat otny aveotpauuévn cache Adyw tou 6t Aty

extdg oUVdEONG TNV Gpa NG UeTaxlvnong.

Mua Beltiworn Tou nopandve tpoBAiuatog elvon va cuvduaoTtel e Ty Wéa tng wiobwong 7
leasing. H pébodog leasing mpotdbnxe apyixd oto [20] ye otéy0 va mioTtonofioel 6Tl éva
xateBoaouévo apyeto dev éyel alhoyBel and Tov apyixd server yia éva ouyxexpuévo (leased)
XPOVIX0 SldoTnua HOTE Vo UmopoVue va yenowdonowndel to xatefacuévo Tomxd avilypapo.

Yy 3w pog tepintwon, To didotnua lease uTOSOLAGVEL TO SLAGTNUA GTO OTOLO O LBLOXTATNG
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uloc vnnpeotog (resource owner ) o evnuepdoel Tov uobwty oe Tepintwon mou uetaxiynbet.
Av 7o lease time Arget, n eyypapr) unopel va ofnotel and tnv aveotpauuévn cache xal o
Tpdxtopag va unv evnuepnbel yia v yetaxivnon. Av o leaser Behvioel va cuveyloel xau

APYOTEQA VO EVNUELOVETAL, TEETEL VAL AVAVEDOEL TO lease.

Mia onuavtien Swagopomoinor tou akyoptbuou autol elvar 6Tl TAéov anouteltonl 1 AmOGTOAY
Ié Ié Ve re z z /7 /4 /7
uNVLPATOY %xdbe @opd mou o wcbwtrhc 0éhel va mpochéoel, ofnfoel 1 xal AVTIXATAGTHOEL
Ié r4 ré /7 /7 z ré !
xdmola eyypapy) otnv cache. [ mapddeiyua, 6tav Oedroel va npocbéoel xdmola unnpeotia
oTtnyv cache Tou MEENEL VAL EMXOLYVWVAOEL UE TOV LOLOXTHTY TNG XOL VA TEPLUEVEL TNV ATAYINOT)

! z > ! /7 7 4 7 z
n onola Oa meptéyel to lease time. Ouolwg 6tav Belfioer va offoel/avtixatactioer xdnota

EYYPAQT).

‘Otav évag mpdxtopag B uetaxiveito, mpémel va evuepdoeL xal TOUG TPAXTOPES TNG OLVE-
z Z A Ve /7 z
OTPAUMEVNG AAAd Xxat Toug medxTopes TG xavovixijc cache. Yto oyfua 5.5, 0 A €yel otny
cache tov B xat o B €yel oty cache tov C. Autd onuaivel 6t o mpdxtopag C €xel otny
inverted cache ton B xaw o B éyel oty inverted cache tov A. 'Otayv o B petonavnbel npénet
VoL EVNUEPGOEL TOV TpdxTopa A Uéow NG aveoTtpauuévng cache wote 0 A va avavedoet Ty
cache tou. Ernlong npémel va evnuepioel Tov mpdxtopa C yéow tng xavovixrc Tou cache

/. /. 7 z / ’ 4
&ote o C va avavedoel Ty aveotpauuévr cache tou. Ilpénel Aowndv va otelhovue unviuata

OTOUG TPAXTORES XAl Twv dVo cache.

OERONNO),

—> Cache entry
oo Inverted cache entry
Yynue 5.5: H yetaxivnorn evég npdxtopa B anoitel tny evuépwon Twv mpaxtdpwy oL 6Tny

AVECTPOUUEVY AhAd oL 6Ty amhy| cache.

Emedn o dloxtrtng Swatnpel udvo Tig eyypapég mou €youv €yxupa lease times, uuxpdtepa
lease times ouvendyouy uixpotepous xataddyovs aveotpauuévns cache. H Ty tou lease
time mou dlvel o xd0e mpdxtopag Oa mpénel va Baciletar oe dbo mapdyovieg: 6To MHGO

oUY VA UeTaxLVelTAL XaL 6TO oo dnuogihric elvar. Av o mpdxtopag eivarl TOAY dnNuo@LATg
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z z /7 s z z ! Z 4 !
TpEneL va €yl xpd lease time. Av mdAL o mpdxTopag ueTonaveltan cuyvd Bo mpénel va Slve
e : /. /. 7 Ve 7 7 z e
uwxpd lease times hote va evnuepdvel 660 To duvatd Aydtepoug xduBoug xdbe popd mou

METOXLVELTAL.

O ahydpifuog autdcg elvon Wlaltepa AmoS0TIXOS GTAY EYOUUE GUYVES UETAXLVNOELS aQOU EVT-
UEPOVEL TOUG ATAUTOUUEVOUS TPAXTOPES GUECA XAl UE TOV UxpOTEPO Suvatd apliud unvu-
udtov. ‘Ouwg, amowtel v Vnapdn eminpdobetne uviung xou empépel QOETO UNVUUATGDY
btav éyovue ouyvéc Tpoobixes/diaypapéc/alayéc otic cache. Télog, o WoxTHTES TV
UTNEEGLAY TEETEL Va SLATNEOVY XATAASGYOUS Ue TANPOQOpleg Yiat TNV SleuxdAuven ALY Tpd-

%xTopwV, dnhadn deouedouvy THpouE Yia TNV EEUTNEETNOTN AAAWY.

5.4 Ileipapatind anoteAéopata

5.4.1 Ilepiypoapy| Touv eEwUoLLTY

[ v a€LoAdynom g GUUTEPLPOPAS THV TAPATAVEL TEOTELVOUEV®Y ahyoplBuwy, yYeddoue
éva TpoYpauua Tou egopotdvel éva P2P8ixtuo and xivntolg mpdxtopes. YAomowooue xat
TOUG TPELWC ToEATdvVe adyoplbuoug oTov eouolwth ue oTdyo va eEAYOUUE YPNOLUA CUUTE-
PACUATA YLOL TNV CUUTEPLPOPA Toug ot €va aknbvéd dixtuo P2P. B8 Oa mapouvoidlouye

OLYOTTIXA TNV AELToupYla TOU eV AemTouépeleg Slvovtan ota napaptruata B-E.

7 /4 Ve 4 z ’ /7 /7 Ve ré Ve
Yy e€ouolmwon autr apyixd dnutovpyolue évay dixtuo and and mpdxtopes. Kdbe npdxto-
ac xatéyel évay aplbud and vrnpeolec (resour Tic omolec wolpdleton Touc dANouc.
xotéyel € Bud and unneeoiec (resources le &le € TouC dAAou
Mua unnpeota uropet va Bpebel oe Evav udvo mpdxtopa ahAd €vag mpdxtopag Unopel var xorté-
z /7 ! z z z 4 ’ z
YEL Tapandve and ua urnpeeoies. Emmiéov, xd0e npdxtopag €yel cache otabepol yeyéboug
k otnv onola guidooel Sieubivoelg unnpeolHy. ZEextvdue Ty eEouoiworn Tou dixTiou PTLd-
xvovtag évayv Tuyato Ypdpo cuvdéoewy: xdbe mpdxtopag emhéyel k unnpeoteg Tuyata xat Tig

Tpocbétel oTny cache Tou.

Ye éva mpayuatind dixtuo P2Pxdmoleg unnpeoteg elva o dnuoguielc and dhieg. 'Etot, yia

Vo TpooeYyloouue TEpLoGHTERPO TETOLO BIXTLO, OTIC TAPAUETPOUS NG e€oUOlwaNg UTopOUUE
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va. oploovue évav apliud umnpeodyv mou Bewpolvtar dnuogiiels, xabdg xau To ndéGO Lo
dnuogireic elvan oe oyéon ue T dAleg. Evallaxtixd umopel va ypnowwonowndel xdmola
xotavoun oVugwva e Ty onola Oa oplotel 1 dnuoTxdTNTA TV TEAXTOPKYV4 OAOGXANPOL

Tou SixTdou.

"Eva dA\o onuelo mou mpénel var Tovicouue elva 6TL apyixd oL eyypagés otig cache Twv
/7 4 ’ /7 z ’ z Ve /7 z Ie /7
TpaxTépwy Tou Bixtdou elval OAeg éyxvupec. 'Etol Eexivdue amd éva «xaAfig ToLoTNTOCY
dixtuo. Iautd xou ota Ypaghuata mou Ha napabécouue Tapaxdte To TOGOGTH THY EYXUPKY

cache otV apy”) g eCouolmong elvar TavTa exatd TOLG EXATO.

Metd v apyixonoinoy tou ypdeov, Eextvd 1 e€ouolnon Tou xdfe alyopibuov evnuépwong.
H eZouoiwon poc ylvetar oe BAuata (turn based simulation). Xe x&be BAua tou simulation

o xdfe mpdxtopag umopel va exteAéoel xdmota and Tig e€Ng Aettouvpyleg :

o No alrdel Oéon ue Soouévn mhavoTNTa Ppyoye.

e No ypnowomnowoet ua urneeatia otny cache pe mbavétTnTa Pyse. Av Sev Ppebel o mpd-
XTOPAC TOL TAPEYEL AUTYH TNV UTneeotia TdTe Eextvd autoudtws dtadixacia on-demand
pull.

e No npooBéoet/avuxataothoesl/oBRoel o unnpeoia and v cache tou me nhavétnta
Pehange-

o No exteAéoel xdnolo meplodixd pull, avdhoya ue tov alydpibuo aval¥tnong mov yen-
OUUOTIOLOVUE.

e No ofifoel xdnola nyuévnp (expired) xataydenorn and to snooping directory.

e Na offioel xdmotar AAnyuévn xataydenon (Aoyw lease time) and tnv inverted cache.

e No unv xdvet tinota (sleep).

Mrnopolue va e€ouoldooupe onolodnnote cuvduacud Twv uehddwy push xou pull nouv mepl-
7z 7z Ié ré 4 Ié ré ré
Yedaue 6To xe@dAaL0 5. XTo TELPGUATA LA UTOPOVUE VoL UETABANOVUE XA0E TUPSUETEO OV
eMNEEALEL T YOPAXTNELOTIXA TOU SIXTHOU TOU MEOXUTTEL, TNV GUUTEPLPOPd xdbe mpdxTopa,
/. /7 Ié ’ /. /7 /. /.
%x00AOC xat TNy anddoor xdbe alyoplOuou BOTE Vo EXTIUNCOVUE TIG EMTTOOELS TWV AAANAY DY

autdv oto cvotnua. Ot tapduetpol autol elval:

o O apbudeg TwV TEAxTéPWY GTO GUGTNUA.
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To uéyebog tng cache K.
Z z 4 /7 z z z
e Tov eAdyioTo, uéyloto xau U€oo apliud resources mou xatéyel xdbe mpdxtopag.
/7 7z /7 ! /7 I4 !
e Trv xatavour Twv dnuoguldy resources (ndoeg eivat, t6co mo dnuoguels elvat).
o Trnv mbavétnrta va wetoavniel xdnolog tpdxtopac oe xd0e YUPO Ppyope-
o Trnv mbavétnta va yenoluonoliost €va resource P,.

e T'io tov alybplfuo teeming ue decay mou ypnowwonoteiton oto push/pull (xep. 3.4)
H rapdyuetpoc decay d.
To uéyioto Babog TTL.
e Tl Tov alybpfuo push ye xatahéyoug snooping (xep. 5.3.2).
Expiration time otov xatdhoyo snooping.
[Teplodog tou periodic pulling.
e ['a tov alybpBuo Inverted cache push/pull ye leasing.
O ypdvoc tou lease mou exdidel o WLoxTTNG TNg LNNeEesiag.

H mbavétnra va yivel avavéwon n ulobwon npwy Anet.

Katéd v dudpxeia tng e€opolnong, Slatnpolue 6TaATIOTIXE TOU aQOpovY:

® TOV QPOPTO UNVUUAT®Y Tou Tpoxaieltal and Toug alyoptbuoug push xat pull Eeywpiotd
7 4 4 z 4
e 10 M0c0oTéd TNg cache mov elvar €yxupo oe xdbe Briua
z 4 4 z /7 . .
® 10 eAdyloTo, U€oo xat UEYLoTto uéyebog twv xataAdywy snooping xat inverted cache
/7 4 /7 z z z z / Vé
e 10 1600 ypryopa (oe méoa hops) @tdvel N evuépwon xatd uéoo 6po xatd to push
e ntéool mpdxtopes pabaivouy oe x&fe hop tnv evnuépwon (oe T6o0UC TEAXTOPES PTAVEL

to ufivupa push oe xdfe BAua Tov dévtpo (oyRua 3.2)

Téhog Do mpénel va avagepbel 6Tl o8 Oheg TIC €EOUOLDOELS, HPATHOUUE OYETIXA YOUNAL
Ny ThaveTNTA EVag MEdXTOPASC VA YenouLonolioel wia unneeota.  Autd yiatl Oéhoue va
xpaTHoouUE o YouUNAS eninedo Tig emntdoelg Twv on-demand pulls xau vo emixevtpwholyue

oTa AMOTEAEOUATA ALTMOY XADEAUTOVY TwV ahyoplbuwy evnuépwaong.
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To aroteAéopata Tov Ba Tapoucldcouue Tapaxdte elvat yia éva dixtuo 1000 npdxtopeg Tou
xatéyouy 3000 vnnpeoiec (resources). Agrivouue v eZouolwon va tpéet yio 250 Briuata.
Ou dnuoguific mpdxtopeg elvan Aiyor (2%) odhd eivon déxa popéc neplocdtepo yvmwotol. Ta
AMOTEAEGUATA TPOXVUTTOUY TALPVOVTAS TOV UECO OPO UPXETMYV EXTEAECEWY TOu xdle melpd-

LATOG.

5.4.2  Am\6 push/pull

Hewpauatiotixape ye apxetods akyopifuous yia to flooding touv anhod push (n.y. teem-
ing, random paths). ©o naPOLCIACOUUE TA ATOTEAEOUATA YENOWWOTOLOVTOG TOV ahybpthuo
teeming ue decay mou nopouvsiace To XAAVTERA ATOTEAEGUATA OGOV APOEE TOV POHETO UNVU-
MATOY XaL TNV ATOTEAECUATIXOTNTA EVNUEPWONS. XENOUWOTOMOAUE TNV cuvdptnon decay:
¢ = (1 —d)*, émou ¢ eivou 1 mbBavétnta vo Tpowbiicouue Tov uRvuua ot évay yeitova, s
T0 3dBog Tou unviuatog xat d 1 napductpog decay. 'Etol to uéyebog tou utosuvérou Tou
emA€yeTon xd0e Popd Yia TNV TEodHNoT Tou unviuatog uewdvetal exbBetind ue to Bdbog tng
evnuépwone. Ko udhiiota, 6co peyahdtepn elvar 1 nopduetpog decay, téco mo yerypa
yivetar aut) n exbetinr] pelwon. INa d = 0 o ahydpibuog teeming with decay elvan ovolo-
otd o aiydplfuog plain flooding. Enedy) to uivupa ndvta npowbeitar oe TouldyloTtoyv
évay yeltova (uéypt va Mcet to TTL), yia d = 1 o ahybpiBuoc tautileton ye tov K-random
paths.

5.4.2.1 Xuyvotnta petaxivnong (xivntixdTnTo)

'Onwe galvetal oto oyfua 5.6a, 6Tav oL TEAXTOPES UETAXLYOUVTAL GUY VA TO TOCOOCTO TWV
EYXVPLY EYYPAPAOY oTNY cache yeldvetar mo yenyopa. Autd elvar Quoxd ool ueyalld-
TEEN XVNTUIXOTNTA ONUALVEL YEVIXOTEPA £VaL TiLo SuvauLxd SixTuo émou YpetdleTal oLYVOTERES
/. ’ 14 z 4 4 4 4
evnuepwoelg. 'Etol, oe Sixtua mou undpyouv TOAES UETAXLVAOELS, TRETEL VO EXTEAEGOUUE
z 7z : Z 4 /7 7 z
éva o eupl push flooding av Héhovue va Slatnpricouvue Ty toléTnTa TOL SixTVOL GE LYNAL

enlmeda.

'Onwg gatvetar oto oyfua 5.6b n cuyvétnta uetaxivnong empépel adénon atov aplbud Twv
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ZuxvoétnTta perakivnong-Plain push/pull. Zuxvomra peraxivnong

120

3000000

100

2500000

M SuyveTnTa

HETAKIVNONG|
80 4 —e—0.001
—=—0.003

0.005

0.007
—%—0.009
40 —e—0.011

2000000 +

mpull
1500000 +
opush

1000000 +

500000 4 ﬂ
0

0.001 0.003 0.005 0.007 0.009 0.011

% &ykupng cache

8
ZuvoAikég aplBpég pnvupdrwy

0 20 40 60 80 100 120 140 160 180 200 220 240
I T Kif
Bripa eopoiwong UXVOTNTa pETaKiviong

a b
Yyfua 5.6: anké push/pull - cuyvétnta petaxivnong

a) To 060616 g cache mou mopapével Eyxupo xata TNy ddpxeta Tng efopolmwong (Bhua) yia dtoupopeTtinés Tuwés Tng ThavéTntog

uetaxivnong. b) O cuvolixdg aptBuds unvupdtmy mou otdAinxay yio TV evuépwon yio Slagopetixég cuyvétntes uetaxivnong.

Meyalitepes Tiwég oty ouyvétnta yetaxivong onuaivouy 6t oe xdbe Yipo petaxivodvtal TEpLoodTEPOL TPEAXTOPES.

unvoudtov. H abénon mpoxaieiton xuplwg Aoyw tov unvuudtwy push, agod xdbe @opd mou
uetoaveiton €vag mpdxtopag xdvel push oto dixtuo. O pubude Tng adénong etvon ypouuixdg
oe oyéon ue v ouyvotnta petaxivnong. Ilapdha autd, mapatnpolue 6Tl YeTd amd €va
onuelo o pubude autde mégtel (ty v Tyée > 0.006). Autd ovuBaiver yiotl yio peydheg
ouyvétnteg yetaxivnone, n motdtnta tou dixtdou dev elvar mohd xal| (dnwe gaivetal 6To
5.6a) ondte xau o akybpibuotr push/pull Sev urnopody va Sovkédouy anoteleopatixd (dev

unopel v Bpebel apxetd ueydho unooivoho yertdvwy yia va Tpowdnbel to uRvuua).

5.4.2.2 XuyvotnTta ¥pNoNsg UTNPECLOY

'Onwg galvetal 6To oYU 5.7a, 660 TEPLEGATEPO YPNOYLOTOLELTAL UL UTneeatia TGG0 TEpLo-
Y

o6tepa on-demand pull yivovtaw xou dpa T0 T0G0GTS TWV UN-EYXUPLY EYYRAP®Y cache elvar

uxpodtepo. 'Etol cuyvotepn ypron xdnolag unnpeotag onuaivel 6TL uTdpyet Yixpy| mbavédTnTa

va Beebel ulor un-éyxupen eyypapn g.

'Onwg gatvetar oto oyxnua 5.7b 660 GuyvoTEPa YENOLLOTOLOVVTAL Ol UTNREGLES, TOCO TEPLO-
o6tepeg Qopéc Yivovtan on-demand pull xat dpa t6c0 neplocdtepa unviuata otéivovtat. H
aOENOM AUTY ELVAL UTO-YROUIXY WC TR0 TNV GLYVOTNTA Yenong, autd cuuPalvel xuplwg yiotl
600 yeyalitepn elvar n mbavdtnTa yeriong, 16co xahlTtepa eVNuUEp®UEVO Elval To BIxTUOo Xat

dpa dev ypetdlovtal ypauuxd neptocdtepa pulls.
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YyAua 5.7: anké push/pull - cuyvétnta yerone wac urnpeoiog
a) To nocooté tng cache mou mapauével éyxupo xata TNy Sidpxeta g eEopolwong (BrAua) yia Swapopetinés Tég Tng mbavéTnrag
xefons wag vmnpeotag (xotd cuvénela xou cuyvétnta on-demand pull) b) O cuvohixdg aplBuds unvuudtwy Tou oTdAdnxay
Y TNV evuépwon Y dtapopeTixég ouyvétnteg XpRomns.

5.4.2.3 Evpog tou flooding

Metafdlhovtag tnv mopduetpo decay xat to uéyioto oplBud Brudtev t, unopolve va
ehéy&ouue to elpog Tou push 6mwg avagépaue oto xepdiato 5.3.1. Xpnowuonojooue Sid-
QOPES TWES Yo VAl EEOUOLOCOUUE TNV CGUUTERLPORE TwVY alyoplBuwy push xou ylo vo mo-
POUCLACOVUE TA ATNOTEAECUATA TIS YWELOUUE OF TEOOEPLS XATNYOPLEC TOU QalvOVTAL OTOV

mivaxa 5.1. T tov adydplbuo on-demand pull yenowwonooaue tav arydplfuo k-random

paths ye t = 3.

Edpog tou push | d | |
Full flooding 0.0
Wide flooding 0.2

Medium flooding | 0.3
Narrow flooding 0.4

Ot ot ot e

HfVO(%O(C 5.1: O TEOCPO,(HE'CPOL Touv push. d = mapduetpog decay, t time to live (TTL) 'Oco puxpé slvan to d xon
600 mo yeydho to t téoo mo «evpd» to push flooding.

Y10 oyfua 5.8a BAémouue 6Tt To eVpog Tou push nallel onuavtind pdho oe 6TL aYopd TNV
eVNUEPWOT TOY TEAXTOPWY YLa xdmola Yetaxivnor. 'Etol av xdvouue éva mohd neploplouévo
push, o7o téhog e e€opolwone Ba éxouue uéiic to 10% Twv cache evnuepmuévo. Avtibeta,
BAénovue bt yia éva evpl push (full, wide) n thetodmepio twv eyypapdy otny cache napauéve

evnuepouévn (ndve and 90%).
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EUpog Tou flooding-plain push/pull Plain push/pull
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E0pog Tou push

a
b
Yyfua 5.8: anké push/pull - edpoc touv push
a) To mocootd tng cache mou mopapével éyxupo xata TNy dudpxeta tng efopolwong (Bhua) yio Stapopetind edpog Touv push.
b) O cuvolixée aplBuds unvuudtey tov oTdAdnxay Yo TNV EVAUEP®OT YL Yia SLaopetixd ¥pog tou push.

Hopdha autd, éva eupt push onuaivel xou yeydho éyxo unvuudtoy (oyfua 5.8b). Hopatn-
polue 6T 0 aptbudg unvuudtwy avédveta exbetind. 'Etol, éva «wide» push €yel oyeddv ta
Bt amoteAéouata otny nowdtnTa g cache pe éva «full» push, duwe n dagpopd oto xb6oTOC
TV UNVUPATLY elvon ToAG peydhn (anattobvtor Mybtepo and tor uiod unviuota). Ipénel

Aoy va yivel oot emhoyn Twv nopauétewy tou flooding.

Télog, étav nepropilouue To push, teplopilovue TavTdypova xoL Tov apliud Twy uNVuPdTHY
7 4 4 z ’ z /7 7 !
Tou pull. Auté ocuuBatver yiati ye éva moA0 teplopiouévo push n nowdtnTa Tou dixtdou elvar
z / z ! z z 4 /7
apxeTd xaxy) ue anotélecuo va unv unopetl va Souréel anotehecpatind olte o akydpliuog

pull.

5.4.2.4 MEévyebog tng cache

To uéyeBog tnec cache ennpedler Ty anddoon touv alyopiBuov push/pull. Auvtéd cupBaiver
yioth étay o xdfe mpdxtopag éyel teplocdtepoug YelTOVES (TLO TUXVOC YPdpoc) Tpénel xdbe
popd va Tpowbel To uRvuua oe TepLocdTEPOLS TEdxTopeg. 'Onwg gatvetal oto oyfua 5.9a,
Yo TOAD apond Yea@RUATA TEETEL VoL XeNOULOTOLGoVUE Tilo Ly push av HEhouue va €youue

ATOTEAECUATLXY) EVNUEPLOT).

‘Ouwg, oc muxvd dixtua o apbuds TV UNVLUATOY auidveton xal UdAoTa exbBetixd

(oxfiua 5.9b). "Etot xaké elvon va pubuilovue tic mopauétpous tou push avdhoyo ue to
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Yyhua 5.9: anhé push/pull - péyebog tng cache

a) To nocooté ¢ cache mou napapével Eyxupo xata Ty Sidpxeia Tng e§opolwong yio Siapopetind yéyefog tng cache (K). b)

O cuvohixdg aplBude unvuudtwy mov otédAdnxay yia Ty evnuépwon yio Stagopetixd uéyebog tng cache (K)

uéyebog tou duxtvou.

5.4.2.5 IIBavétyta ebpeorg wiag Tuyalag urneectiog
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YyAue 5.10: anhé push/pull - tuyaia avalftnon

To 1060616 Twy avalnticewy tou To anotéiecua Beébnxe oe Bdbog 1, Bdbog 2..., xabdg xo 10 106061 TV AVALNTHGEWY TOL

Sev enéotpedayv owotd anotéleopa. O avalntioels yivovtal petd to téhog tou simulation touv alyopibuov evnuépwong plain

push/pull

Y10 3ixtuo Tou TpoxUTTEL UETA and To TEAOG TNg eouolwaong xdvouue avalnTHoelg TUYAKY

uTnEeEcLOY and Tuyaloug TEdxTopes. Ofhouue va SoUue To TwG oL ahybpLiuol evnuépwaong

ennpedlouy 1o dixtuo 660V apopd Tic avalntioelg. Xto oyfua 5.10 nagovsidletar N mho-

/ 4 Ié ! ré ’ ! ré
votnTa va Bpolue tehd Ty umnpectia xaL UdALGTA 0Ty Tepintwon mou Beebel, oe L Bdbog

avaltnong Beébnxe. 'Etol, av ypnowwonoicouue €va narrow push yia v evnuépwon oto

dixtuo mapatneolue 6t N mbavétnta va Beebel wdmowa unnpeota uetd elval oA uuxeN.

Acovtiddng Hilog
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'Oco mo eupl push ypnoiuonololue 1660 Mo ueydhn etvon 1 mbavéTnta va Bpoldue xdmola
4 z z 7’ z Ve 4 4 ’,
umnpeeota. Mdhiota, 6o mo gupd push xdvouue, Té660 mo vwplc Ba Peebel n avalntoduevn

TAnpogopia (ota mpdta Bruata Tov alyopiBuou avalitnong).

5.4.3 Push/pull pe xataldyoug snooping

Ytnv elouolwon tou adyoplBuou autol ol mpdxtopeg xdvouy meptodixd pull oe oAdxAnen
v 2-hop yertowid toug. Xprnotwonololue tov (8to ahydplbuo push pe mply €toL Gote va
€youue ouyxplola arnoteAéouata. XTov ahyoplbuo autd, Tépa and T ANOTEAEGUATA TOU
AUPOEOVY TNV TOLOTNTA TOU SIXTVOU XL TOV POPTO UNVUUATWY, UaS EVILAQEREL XAl To Uéyebog

Tou xaTaAbYOoU snooping.

5.4.3.1 Xuyvétnrta petaxivnong (xivntixénTa)

ZuxvérnTa perakivnong-Plain push/pull. ZuxvomTa peTakivnong
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3000000

100

MH_.___. Zuxvétnta
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20| 500000 ﬂ
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1500000 +
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% éykupng cache

1000000

3
ZuvoAikdg aplBuég pnvupdtwy

0O 20 40 60 80 100 120 140 160 180 200 220 240
ZuyvoémnTa perakivnong

Bripa e§opoiwong

a b
Yynua 5.11: push ye xatardyoug snooping - cuyvoTNTA UETAXIVNONG
a) To mocootd tng cache mov mapauéver éyxupo xato v didpxela g efouolwong (Bhua) yia Siapopetinés tés tng mba-
véttog petoxiviong. b) O cuvolwxdg aplBuds unvopdtey tov otdAdnxay yia v evnuépwon Yo Stopopetixés cuyvOTNTES
uetaxivnons. MeyalOtepeg Tipég oty cuyvétnta yetaxivong onuaivouv 6t o xdbe YHpo petaxivobvtol TepLocGTEPOL TEEXTO-
PES.

Y10 oyfua 5.11 BAénovue 6TL 0 ahydpliuog autdg CUUTEPLPEPETAL TAPOUOLA UE TOV TPOY)-
yoluevo 6oy agopd tnv xivnuxdtnta. ‘Ouwg, ta xatapépvel xakitepa 6GOV aQopd TNV
ToLOTNTA TOU 3IXTOOU AAAG OTWS TAPATNEOUUE TO XOGTOC TWV UNYLUATKY elval auinuévo
AOY® TV teplodixdy pulls. Yuvendg, 1 xprion tou alyoplBuou autol cuugépel dtav €youue

QPXETES UETAXLVAOELS TTOL SLxatohoYoly 1o auénuévo xéotog Tou nepLodixot pull (oe oyéon
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ue o push). Av éyovue ToA) Aiyeg yetaxiviioels, long elvat xaA)TEPO VoL YENOULOTIOLAGOUUE

amhé push/pull nou mpoxakel pbpTo unVLUETWY XUPlwS GTAY PETAXLVOUVTIL TEAXTOPES.

16

[
Iy

.
N

=
o

Méoo péyebog karaAdyou snooping

o | I

0.001 0.003 0.005 0.007 0.009 0.011

ZuxvoTtnTa peTakivnong

Yynuo 5.12: push pe xataddyoug snooping - cuyvéTnTa UeTaxivnong
To péoo péyebog tou xatahéyou snooping nov xpatd xdbe npdxtopas yia diagpopetinég cuyvétnteg petaxivnong
Y10 oyfua 5.12 Brénovue 6Tt To péyebog Tou xatakdyou snooping e€apTdTanl And TNV CL-
YYOTNTA TV UETAXLVACEWY 0TO dixtuo. Autd elvar uoxd av oxeptel xavelg 6Tt 660 TepLo-
06TEPES UETAXLVAOELS EYOLUE, TOGO TEPLOGOTEPES UeTaxtvioelg Oa pabaivel xdbe mpdxtopag
xol dpa 1600 TepLoadTepes ey Ypapéc Oa mpénel va mpochétel oToug xaTaAdyoug snooping.

H adénon autn ylvetow ue ypouuixd tpdmo.

5.4.3.2 Evpog touv push

120 10000
5000 =pull
100 + Bpush

8000

2 804 -

3] >

I 2

o & o0

v E

£ 60 - z

= £ sm

£ £
4000 {———

:; ] 3 -

< narrpw 2000

-=medium
204 | -+ wide 2000 f——
- full
1000
0 T T T T T T T T T T T T
e
0 20 40 60 80 100 120 140 160 180 200 220 240 o T T T
Brjpa egopoiwong full wide medium narrow
a b

Yynfuo 5.13: push pe xataddyoug snooping - ebpog tou push
a) To nocooté tng cache mou mapapéver éyxupo xata v ddpxeia tng efopolwong (BAura) Yo Srapopetind edpog tou push.
b) O cuvoluxdg aplbuds unvupdteny Tou otdAdnxay yio Ty evuépwon Yo yia Slapopetind edpog tou push.

To ebpog tou push (oyAua 5.13a) ennpedlel v TodTnTa TOoL dixtdou ue TapdUoLo TPbTO
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oe oyéomn ue to anhé push/pull (exx 5.8a). H diagpopd €3 elvon 61t netuyaivovue xahitepn
rodTnTa Suxtdou ypnowonowdvrag Tl (deg mapauétpous (tivaxag 5.1). "Etol PAénovue 6Tt
axéuo xol éva «narrow» push apxel yio va xpatioouue v mAslodngia tng cache éyxupn
070 Téhog g e€ouolwons. Evtoltolg, omwe napatnpolue otny exdva 5.13b o 6yxog twv
UNVUUATLY Tou avtalldooovtal éyel auindel oe oyéorn ue to anhé push/pull (ewx 5.8b).

Autéd ouuBaivel xuplwg Aoyw Twv teptodix@dy pull mou yivovtar 6to dixTuo.

Av ouyxpivouue ta anoteléopata Tov aniod push/pull (oyAua 5.8) xou touv push pe xato-
Aéyoug snooping (ewx 5.13) mapatnpeodue 6Tt av yenoweonoticouue snooping directories xow
neptodixd pulls unopodue va tetdyovue Ty (8o TotdTNTa SixTHOL YENOLULOTOLGOVTAG AlYSTERO
evp¥ push. I'a mapddelryua, unopodue va yenouywonoticovue éva «medium» snooping push
xat vo tetdyouue Ty B ouvénewa otny cache pe éva full anAé push/pull. 'Etol netuyai-
VOUUE TO (3L0 AMOTEAECUA YPNOLULOTOLGDVTIG ULa TAEN ALY OTERA UNYOUATA OIS PALVOVTAL XAl

oTic ewxdvec 5.13b xon ewx 5.8b.

Yuumepaouatind, 1 xpNon Ty xataAdYwy snooping xal Twv neptodixdy pull poag emitpénel
va Slatnerioouue Wia cuvénela oTig cache Twv mpaxtdpwv yenoywomoldvtag okl Alydtepa
unviuata oe oyéon ue to arthé push/pull. Puowxd vrndpyel to xboTOC TNC UVAUNS TOUL

anattelton Yoo Ty Slathenor twy snooping directories.

16

14 e

12 4

10

Méoo péyedog karaAbéyou snooping
oo

.| I

narrow medium wide full

EUpog Tou push

Yyfua 5.14: push pe xatardyoug snooping - edpog tou push

To yéoo péyebog Tou xatahdyov snooping mov xpatd x&be npdxtopag yia StapopeTixés Tapauétpoug tou push

Yto oyfua 5.14 BAémouue 6TL To evpog Tou akyoplbuou push emnpedlel xatd mOA) TO Ué-
vebog TwV xaTaAéYwy snooping mou xpatd xdbe mpdxtopas. Autd cuufaiver yatl 6co mo

evpV push ypnowonoloVue, 16G0 TEPLOGHTEPOUS TEAXTOPES EVNUEPMVOUUE XAl dpa TGO Te-
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plocbTepoL Tpochétouy eyypapés oToug xatarbdyoug snooping. Biémouue 6t ) adEnon auty
4 e /4 z z 4 7 /. 4
elvor apyxd exbetiny) ahhd petd otabepornoleitar Adyw TV meploplou®y nou Béoaue oTov

ahybptbuo snooping (expiration xTA).

5.4.3.3 ILbavotnta edpeorg pLag Tuyalag Lvanpeoiog

Plain push-pull
100% -
90%
80%
70% m Aev Bpédnke
60% m6
50%+ =5
40% | o4
30% @3
m2
20%
ol
10% -
0% T T T 1
full wide medium narrow
Eupog Tou push

Yynua 5.15: push ye xataddyoug snooping - tuyala avalntnomn
To 1060616 Ty avalnticewy ou To anotéieoua Beébnxe oe Bdbog 1, Bdbog 2..., xabdg xoL 10 106061 TV AVALNTHGEWY TOL
dev enéotpeday owotd anotéheoua. Ou avalnthoeis yivoviaw yetd to téAog tov simulation tov aAyopibuov evnuépwong push
ue xataléyoug snooping

[Topatnpodue 6T 1 Umapln xataldywv snooping odnyel oe mohd xald anoteAéouata
(oyAua 5.15). Xtic TeplocbTEPES WV TEPIITOOEWY 1 TAnpogopla Beloxetar 6to TpdhTo A
xoL 670 deltepo Briua Tou akyoplBuou avalitnons. Autd yiveton yia 800 Adyoug: Adyw tng
%xaAOTEPNC GLVETELAS GTO BIXTUO XL AdYw Tou 6TL unopet va Bpebel TAnpogopia xar 6Toug xo-
Tahdyoug snooping. Ou xatdhoyol snooping Aettoupyoly dnhady) ooy €va eld0C TPOCWELYHDY

avirypdgwy (replicas).

5.4.3.4 Expiration time 6tov xatdAoYo snooping

Y10 oyfjua 5.16a BAémovue dTL To expiration time Sev ennpedlel xatd TOAY TNV anddoon Tou
ahyopiOuouv 66ov agopd TNy TotdTnTa Twv cache. 'Oung nallel onuavtixd pbho cTov aplbud
unvuudtey pull (swx 5.16b) agob 6co wixpdtepo eival To expiration time téco cuyviTepa
mpénel va yivovton meplodixd pull. 'Onwg elvon guoixd, to expiration time ennpedlet eniong

T0 uéyebog TV xATAAGYWY snooping Onwg @alvetal xaL oTny exdva 5.17.
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120 250
100 Expiration 200 4
A5 =88 8 a o = = = time >
2 80 ——10 2
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g o 50 z mpul
s 70 a @ push
E_ 90 'Q 100 4
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Brjpa e§opoiwong Expiration time
a b

Yynua 5.16: push ye xataAdyoug snooping - expiration time
a) To mocootd g cache mov mapouével éyxupo xata TNy didpxela tng edopolwong (BAua) yio Stapopetind expiration time
otoug xatahéyoug snooping.  b) O cuvolxde aptbuds unvupdtmy mou oTdAOnxay yia Ty evnuépwon Yo yia Slopopetind

expiration time.

16

Méye0og karaAbyou
2]

‘Tl

10 30 50 70 90 110

Expiration time oTov kardAoyo snooping

Yyfuo 5.17: push pe xataddyoug snooping - expiration time

To péoo péyebog tou xatahdyov snooping mov xpatd x&be npdxtopag yia StapopeTixég TLwég Tou expiration time

"Etou tibetan éva Oéua emhoyric. 1pénel va emhéEovye avdueoa o ueydho expiration time
mou onuaivel Alya unviuata periodic pull aArd yeydhoug xatahdyoug snooping xou o€ Uxpd

expiration time mou onuaivel TOAAG unviuaTa xoL Uxpolc XATAIAGYOUC.

5.4.4 Inverted cache push/pull

Y\ornowjoaue tov alydplbuo autd yenoyuomoldvrag xol tny uéhodo leasing. Kdbe npdxtopoag
Yl v tpochéael uia umnpeoia oTny cache evnuepdvel ToV IBLOXTATY TNG XAl AUTOS ATAVTE UE
éva lease time mou elvar otalepd Y GAoug Toug mpdxtopes. Ol TEAXTOPES dEV AVAVEDVOLY

Ta lease times nmopaudvo av ypewotel va yenowdonoloouy tny umneeoia avd. Télog ot
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Tpdxtopeg of3fvouv eyypawéc and tnv inverted cache uévo av 1 uviun Eénepdoet éva (dvw)

HUTOPAL.

5.4.4.1 Xuyvotnta petaxivnong (xivntixdtnTa)
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2500000
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Brjpa e§opoiwaong ZuxvortnTa peTakivnong

a b

YyAuo 5.18: inverted cache push/pull - cuyvétnta yetaxivong
a) To nocooté g cache nov mapauéver éyxvpo xata v didpxeia g efopolnons (Bhua) yia diagpopetinés Tywés tng mba-
vétntag petaxivnong. b) O cuvohuxds apBuds unvupdtey mou otddnxay Y v evnuépwon Yo dlapopetixés cuyvéTNTEg
uetaxivnong.Meyahbtepeg tiués otny ouyvétnta petaxivnong onuaivouv b1t oe xdbe yipo yetaxivodvtal neplocdtepol npdxto-
pEC.

Y10 oynua 5.18b mapatnpoldue 6Tt 0 alydplbuog autdc €xel TOAD UxpdTERO POPTO UNVU-
udtwy oe oyéorn he Toug TponyoLuevoug dvo. 'Etol axdua xou dtav €yovue moA) cuyVEQ
uetoxivioelg Ta unvoupata mou ypeewaldéuaote elvatl mToAd Alya. O Adyog mou Sev undpyet ou-
olaoTixr] abinom etvan 6Tt dTay ALEAVOVTAL Ol UETAXLVAGCELS, ALEAVOVTAL To unvouata push.
'Ouwc, otov ahybplbuo autd ypewalduacte ToAd Myo unviuata push (evnuepdvouue ubvo
TOUC TPdXTOPES oTNY A xat otny inverted cache). Télog ov petaxivioelg ennpedlouv Ue
TEOUOL0 TEOTO e OYEON UE TOUS TRONYOUUEVOUS aAYoplfuoug To T0G0GTO TWV EYXUPKY

xaTayweNoewy oTLg cache.

5.4.4.2 Xuyvotnta cache replacements

T Tpdhtn @opd BAémovue 6Tt oL alhayéc oty cache (cache replacements) Tpoxaholy xivnon
unvupdtey (oydua 5.19). 'Etol oo no ouyvég elvan oL alhayég oty cache towv tpaxtdpwy,

1600 TeploadTepa elval Tar unvopata Tou avtahidocovtal. Eival onuavtixd va onuetnmbet
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1000
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Tuxvérnrta cache replacements

YyAua 5.19: inverted cache push/pull - cuyvétnta alhaydv oty cache

H ouyvéinta twv cache replacement ennpedlel tov @bpto unvupdtwy tou alyopibuov inverted cache push/pull

6T n adénomn auth ylvetal ypouuixd ot 6Tl YEVIXA O oplBudg TV UNVUUATwY elvol ToAd

uxpde (Sev Zemepvdet to 100 ouvohixd oe bAn v e€ouoiwaon).

5.4.4.3 Xpbvog Lease time
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Yyfua 5.20: inverted cache push/pull - ypbvog lease

To lease time ennpedlel T0 Toc0oTd TV éyxLPwY cache entries

To lease time emnpedlet v nodtnta touv dixtdou (oyfua 5.20). 'Oco ueyaldtepo Tto
lease time, t6c0 mepLocdTEPOL entries xpatd €vag mpdxtopag otny inverted cache xau dpa
1600 mepLocdTEPoUg Ba evnuepdoel dtav petonavniel. lapatnpodue duwe 6Tl axduo xa
v uixpéc Twwéc tou lease time (5 yOpouc) 1 mhetodmelo Twv xataywpercewy oTic cache

TEAUEVEL £YXVEO GTO TéAOC TNe eEouolwaong .

Eniong o ypbvoc tou lease ennpedlel xou to péyefoc tne inverted cache (oyAua 5.21). Bré-
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Méyior
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Lease times

Yyfua 5.21: inverted cache push/pull - ypbvog lease

To lease time ennpedlet to péyebog touv xatakdyou inverted cache.
/7 /7 z /7 z z : ré
TOVUE OTL TOOCO TO UEYLOTO OCO AL TO UEGO {J.S'YEZGOQ S inverted cache ETET]QSOLCSTO(L YoM

Wxd oe oyéon ue Tov ypdvo ulobwonc. H Stapopd uetadl tng uéong ot Tng UEYLOTNS TLUNC
ogelleTaL 6TOUS SNUOPLANG TEAXTOPES.

5.4.4.4 IIbavétnTa edpeorg pLag Tuyalag uneeoiog

Plain push-pull
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EUpog Tou push

YyAua 5.22: inverted cache push/pull - tuyalo avalitmon
To 1060616 TwY avalntioewy nou To anotéleoua Beébnxe oe Bdbog 1, Bdbog 2..., xabdg xaL 10 T0G00T6 TwWY avalntioewy
nov dev enéotpeday owotd anotéleopa. Ou avalnthoels yivoviar petd to télog tou simulation tov alyopiBuov evnuépwong
inverted cache

Kot 0 akydplBuog autdg €xel xahd anoteAéopata 6cov agopd TNy mbavdtnta ebpeong wog
avalnroduevne mAnpogoploc Wetd to télog wag avalhitone (oxfua 5.22). Puowxd, oo
ueyailtepa lease time ypnowonowjoouue 1600 mo cuvenég Ba elvar To dixTuo At dpa T6CO

4 4 7z, 4
o eixoha Oa Bpolue to avalntoduevo arotéAsoua.
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5.4.5 Xulntnom

‘Otayv dev BEAOLUE VO YENOULOTOLCOVUE TAQATAVG VAU YLt Toug adyoplBuoug evnuépw-
ong, téte N ubvn Ao elvon o anhdg push/pull ohydpiBuoc. O ahydplbuog autde napovotdle
ixavonomTixd anotehéopata (660v apopd TNV cuVETEL TwV cache) udvo btav ypnoysonoln-
el éva eupd push flooding. Eminhéov, n anhdtnta tou ahyopibuou, To yeyovég dt xdmotog
Tpdxtopoag dev Baoiletal oe dAAoug Yo va eviuepwlel (dev ypetdletan var undpyouv dhhot Tou
%xpatolV «0woTolg» xataldyoug snooping/inverted cache) xow to yeyovég 6Tt av xdmotog
dev evnuepwbel unopel va otpagel otov akydplbuo on-demand pull, xdvouv Tov aiybdpibuo
autd xatdAnho yia Suvaulxd open-MAS cuotiuata. ‘Etol, o adybpibuoc autés umopel
va epapuootel o nepifdAlovta dmov ot xouBor Byaivovy ouyvd extdc olvdeons, umdpyouy

e /7 A z z A
xaxdfouldol mpdxtopes xat yevixd oc avadioniota xar aotaly neplBdilovra.

To apynuixd onueia tou akyopifuou plain push/pull eivan o peydhog @bptoc unvuudtwy.
Enewdn ypetdleton eupl push ye atdyo va evyuepwboly éoo neptoodtepor mpdxTopes yiveral,
AVOYXAOTIXS TTEETEL VoL GTAABOVY TOAAE unvouata. MdAiota, 6neg eldaue, Ta unviuaTa autd
auEdvovtor Tohd btay €xouvue UeYdAn xuvntixdtnta oto dixtuo. 'Etol to anhé push/pull Ha

TEETEL VoL ATOPEVYETAL OE GUGTHULATA TOU EYOUUE TTAEA TOAD GUY VEG UETAXLVYOELS UTNEEGLAV.

H Grapln xatahéywy snooping xou neplodixdv pull Bedtidver (xatd mold) tov akydptbuo
plain push/pull. Xenowonowdvtac tic 8leg axpPie mapauétpous ue to anhé push/pull, 7
OUVETIEL TWV EYYPAPMY oTLc cache Twv mpdxtopeg Tou Tou dxtdou elval apxetd xahiTepn.
'Oneg UTOBEXYVOLY TA TELPUUATIXG ATOTEAECUATA, AXOUA Xat Eva «cnarrow» push apxel yia
v emTUYoLUE eavormownTixy mowdtnta oty cache. Ilapdho mouv yia to (S0 elpoc push
€youue UeYahiTePo PbpTo UNVUUETLY (AOY® TV ALENUEVLY UNVUUET®Y TOU TpoXahovvTaL
and to neptodixd pull ), otny npaypatixdtnTa o alydpliuoc autdc elvar xahdtepog yiatl Hog
emTEENEL Vo emTOYOVUE TNV (Ol modTnTar oTNY cache ypnoiuomoidvTag mo TEPLOPLOUEVO
push (exdbveg 5.8 xau 5.13). Autd avtiotorya onuaiver bt éyoupe to (8o toloTind anoté-
Aeoua yenoueomoldvtag ToAd Aydtepa unvouata. Télog, Adyw tng Unapéng twv snooping
directories, av ypnoyonoNooLUE OYETIXA UeYdAO expiration time unopolue var emtdyoUVUE
éva eldog replication xdtL mou Omwg eldaue LG EMLTEETEL VoL £YOUUE TLO YPHYOPX ATOTEAE-

ouata otic avalntioes (oyAua 5.15).
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IMopdha autd, o akydplfuog push pe xatardyoug snooping amoutel v Vmopedn o TNy
SUVTHENOY AVTAY XAOEAVTAOY TV XaTaAdYwY. 'Etol xdfe npdxtopag mpénel va aglepdaoel €va
uxpd moad uviung. To uéyebog tou xatardyou auvédvetol ue Ty cuyvotnTa ueTaxivnong,
T0 €lpog Twv push xou To expiration time. Iapdha auTd, YENOULOTOLOVTUC XATIAANAES TUUES
Tou expiration time unopolyue va meploplocovue To uéyehog Tou xATAAOYOU GE GUGTAHUATA UE

MEYEAN xivnTxdTnTAL.

Me to va yvwpilet tou va otelhel T updates, o alybplfuoc inverted cache push/pull enipépet
ehdytoto @épTo unvuudtony. Enedn ta unviuata push eivor oyedov aueintéo o ahydplbuog
autog elvar xaTdAANAOC Yot cUGTAUATA OOV €YouUE TOAD cuyVEC UeTaxtvioels. Emmiéoyv
1 evnuépwon avuth uetadidetar otiyptaio (o éva Brua, hop). 'Onwg eldaue, unopolue va
xpathoouue v cache cuveny ypnowwomoldvtag Uxpéc Tluég lease time xdtL mou onualve

6T dev ypetdletal va xpatolue pueydhoug xatakdyoug inverted cache.

QQoté00, 1 uEbodog auth Exel xoL apxeTd petovextiuoata. Katoapyry, xau n uébodog auty
anoutel TNV xenNon Uviunc Yo Ty Slathenon tov xataidywy inverted cache 1 onolol umopet
v Ylvouv apxetd UeydAol yio TEdXTOPES TOU xAaTEYOLV dnuogliels umnpeoieg. EmmAfov,
auty elvar n povadxy) uébodog mou oL ahhayég otny cache twv mpaxtdpwv emipépel PépTO
unvuudtwy (cache replacements). To xdéotog v x&fe ahhayn dev elvon vPnAd (dVo ur-
vouata), aAAd (omc Vo un CUUEPEPEL Vo YENOULOTIOACOUUE TOV GUYXEXPLLEVO alybpliuo av
oto dixtuo ouuPalvouy moAAéc aAdayéc otic cache xai eAdyiotes uetaxivioeis. Télog, o
ahyobpLOuog autdg dev elvar xatdAAnhog yia avaéiémota cuotiuata open-MAS. Autéd yuortl
o x&be mpdxtopag Baciletar oe dANoug 6To Vo Tov evnuepwaoouy. ‘Etol o akydplBuog au-
T6¢ dev umopel v Souhédel anoteleouaTixd dTay LTdpyouy availémiaTol xa Un dtabéciuot

(offline) %x6uBot.
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Kegdiato 6

Anutovpyla xoL EVNUERMOOELS AVTLYPAPLV

Ye 6ha ta ovotiuata P2Pyivovtar avalntioeig unobétovtag 6t 1 avalntoduevn tAnpogopla
unopel v Bpebel oe évav aplbud and xéuBous. "'Etol undpyouv tohanhd avtiyoapa (repli-
’ z ’ z / 4 /7 . Ld
cas) Tou {8Lou avtixelévou Ta onola tpocPépovtan and dtapopetixolc xéuPoug (replication).
Ye ovothuata énwg to dixtuo Gnutella vndpyel cagrc tedmoc dnutovpylag avTiypdPmy:
u6vo ol x6ufol Tou YENOWOTOLOUY XATOLO AVTIXELUEVO TO AVTLYPAPOLY TOTIXA. LUCTAUATA
6mwg to Freenet emitpénouy éva avtixeluevo va avtiypagel oe xdnolov x6ufo axdua oL oy

o x6ufog dev To €xEL YPNOLLOTO|OEL TOTE.

‘Opwe, dnulovpyeitan évag aplbude and Paoixd cpwtiuata: téca avilypapa xdbe avtixeyué-
4 4 /. z 7 ! 4
VOU TRETEL VoL dnutoupynboly HoTe To x60Tog Twv avalntioenwy va BetioTonolnlel, dedoué-
/7 / /. /7 ! ! ! /7 4
vou 6Tt 0 anolnxeuTindg yMdpog Yo dha Ta avTixelpeva oTo dixtuo elvan otabepds; Emniéoy,
TG UTOPOVUE VAl XPATHOOVUE T AVTLYPAPA EVOC AVTLXELUEVOL GUVETH) av uToBécouue 6Tl To

apyxd avTixeluevo umopel va aAAAEEL;

Y10 xepdhoro autd Oo ueAeTioOLUE Ol TOALTIXY) SNULOVEYLUG AVTLYPAQ®Y Elval BEATIOTY
S TPog To %60Tog Ty avalntioewy. 'Ereita, 0o npoomabricovue va epapudcovue Toug
ahyoplBuoug Tou TaUPOUCLAGAUE GTO TEONYOUUEVO XEQPIAALO UE GTOYO TNV dnutovpyia aArd

XOL TNV CLUVTHPENOT TOV AVTLYPAPWY AUTGOV.
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6.1 Anuovpyla avilypdpwy

Y10 onuelo autd Oa tapovctdoouvye TNy Pacixy| Bewpla Tou agopd Ty dnutovpyia avilypdpny
oe €va dixtvo P2P. Oa avaxegohaidoovue uépog Tng UEAETNG TOL €xEL TOPOLGLACTEL OTA
13, 18].

Ac¢ unofécouvue 6TL €youvue n xduBoug xow m avtixelyeva. Kdbe avtixeluevo ¢ avtiypd-
et oe 1; tuyatoug xouPBoug. ‘Etol, cuvohixd oto Sixtuo amobnxedovion Y 1 = R
avixelyeva. YroOétouue 6TL oL otpatnyXés dnuLovpYlag avIlypd@wy elval TETOLES (HOTE
1 << r; < n. Téhog, unobétouye 6Tt Eva avtixelyevo ¢ avalntelton ye oyetxd puud ¢; étol

dote 3 q; =1 (my. av 6ha Tt avrixelueva avalntodvia ue tov o pubué g; = =Vi).

Yto [13] npdtetvay 6T 0 aptBuds Tov aviypdgpny Tou dnuiovpyeital o Tpénel vor axoloubel

xdmola and Tig axbGAoLOES XATAVOUES:

o Ouoduopen: 'Ola ta avtixelyeva €youy Tov (Lo aplbud avTlypdpwy:

Ouotbuopen: r; o £ (6.1)
m

o Avadoyuwxr: O aplBudc oy avitypdpwy uiac urneectog ¢ e€aptdtal and To ndéco dnuo-
QuAég elvar doov agopd tic avalntioeis. Av Bewprioouvue 6TL xatd yéoo épo yivovton

¢i EPWTNOELS YLa TO avTixeluevo autd ToTE:

Avohoyueh: r; o g; (6.2)

o Tetpaywvixic pilac: O aptBudg Twv avilypdpwy evdg aviixelévou ¢ elval avdAoyog

e TETPAY VXS pllag TwV epwTRoE®Y Tou Yivovtal Ylo auTd:

Tetpaywvixrc pllac: r; < /g; (6.3)

/ z ! 4 7 4 I4 Ié Ve
I vo avalntioovue éva avtixelpevo oe éva obotnua P2Pextehodue ouvibwe xdnolov akyd-

elbuo avalrtnong mou Baciletarl otny uébodo flooding. Auté Looduvauet ue o va pwtrcovue
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Tuyata évay aptbud and xéufoug uéyet va Beodue to avtixeluevo mouv uag evdlagépet. Pwtd-
vtog tuyala xéuBouc, n mbavétnta Pri(k) va Peebel xdmolo avtixeluevo otov k-061t6 x6ufo

elvau:

/7 ré z /7 z 4 _ n /7 z ’ ’
Anhad, xatd p€co 6po mpénel va epwtnbodv A; = T xoufol uéypet va Beebel to avtixeluevo.
Onére, to péoo uéyeboc tne avalirnone yua €va avixeluevo elvar avtioTpdpwe avdhoyo ue
Tov apliud TOV avTLYPd(peY TOu, X4TL ToU oNUAlVEL 6T HC0 TEPLOGATERA AVTLYPAPA UTHRPYOLY

1660 hyoTEpOUg xOufoug Ha ypelaotel va pwTHoOLUE.

Autd mou mpoonabolyue va Behtidoovue elvan to uéoo uéyeloc dAwy twy avalnticewy oto
/ /7 _ . L — q_ /4 Ié /7 /7

dlxtvo A, 6mov A =375 ¢;A; = n )2 . Av dev untfpye xdmolo 6pLo 6Tov aplbud avtypapey

i, TOTE 1 BENTLIOTN OoTpaTNYX B HTay var avTLypdQOLUE To VT TayToU Aol av 1; = 1,

/7 /4 ’ 4 z z /7 4 /7

6heg o avalntioelg yivovtar tetpyuuéves. Avtifétwg, unobétouue 6t 0 pécog aplbudeg
’ ’ 7 R 7 7 7 7 7

aviypdgpwy oe xdfe x6ufo p = 7 elvar otabepds xou uixpdrepog and m. Ondie 1 Paouxn

£pATNOM Elvall TWS VAL XATAVELOVUE aUTE Tot R avTlypopa TwV m avIXELUEVDV.

H mo anhy otpatnywe elvon va dnutovpyricouue tov (Blo aptbud aviiypdpwy yio xdbe avti-
xelyevo: r; = £ Auth 1) otpatyu| xoelton ouotduopprn xon oe auth TNV TepinTwon To
uéco uéyebog tng avalhtnong elvar:

A

m m
opowopopgn = Z — = —
i P P

70 omolo dev e€apTdToL ATS TNV XATAVOUY TWV EPOTACEMY GTO dixTUO.

Eilvar mpogavég 6Tt 1o var xatavéuouue Tor avtiypopa ouolduop@a, axdUd XL AUTd Tou SV
4 z 4 /7 4 7 4 z /7
avalntovvtal cuyvd, dev elvat artodotixd. M mo guoixr ToAtixy| Oa jtay xdrotog x6uBog
mov avalntd Eva avTixeluevo va To avTlypdgel xou Tomixd agol to Beet. 'Etot o aplbuds twv
4 ’ A z /7 / /7
avTlypdpwy elvar avdoyoc e Tov apliud towv epntioeny: 1; = Rg;. H otpatnyw autr Ou

TEENEL Vo UeltdoeL To péyehog Twv avalntioenmy Tou a@opoly SNUOPIAY) AVTLXElUEVAL.

[Mapdha autd, umopel va arodetybel 6t To uéoo yéyebog avalrtnong napauével to (dio:

Aavoc)\oymr; Rq = Aoyozoyopqﬂ)
[
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Y UUTEQACUATING, 1) OUOLOUOPYN XAl 1) AVAAOYLXY] XATAVOUN TWV AVTILYPAPWY EY0oLY axplBig
To (B0 arotéheoua oto péco uéyebog avalhtmong xar to uéyebog autd elvan avedptnto
NG XATAVOUNS TV EPOTNOEMY. XTNV avaloyuxy| xatavour to uéoo uéyebog avalntnong
Ywor x30e avTixeluevo Slapépel UE TaL SMUOPIAT AVTIXEUEVA VA EYOVY UXPOTEPO UECO POETO
oe oyéon pe Ta Ayotepo dnuo@uhn. Omdte aviuxelyeva mou o pubudg avalntnong elvan

nopandve ond ToV PEGO 6p0 - ETwpENOUYTAL AT TNV AVaAhOYLXH XoTAVOUT Xt To UTOAoLTa

and TNV ouoLOUOPYY).

6.1.1 Koatavour tetpaywvixns ptlag

"Exovtag wg dedouévo 6TL 1 opoLtduopen xat 1 avahoyLxy) ToMTixy| dnutovpylag avilypdpwy
€youv To 8o uéoo uéyebog avalrtnong, dnutovpyeital To epdTNUA TOL ToLa elva 1) xaAUTEEN
TOMTIXY SECUEVONC AVTLYPAPWY ETOL (OOTE Vo eharytoTononel To uéco uéyebog avalntnong.
"Exer anodeyfel 6t n BENTIoTN TOALTIX €lvan 1) Snutovpyla avTiypdpey Tou axoAoufoly tny

xatavoun tetpaywvixic pilac (Square-Root replication) [24].

'Etol ta aviiypaga evodg avTixeldévou elval avdhoya wg meog TNy TeTpaywvixy plla Twy
R
2V

avalntioewy Tou: 1; = A\/q;, 6Tou A = Ye aut) Ty mepintwon, to uéco uéyebog

aval¥tnong elvar

1
Aﬁe)\ﬂarn = E(Z \/@)2

6.2 Erniteuén xatavoung tetpaywvixrg pllag

Evé n opoyevig xou 1 avahoyien xatavour| anéyouvv oAb and tnyv BéATioto dcov apopd
To Yéco uéyebog avalitnorng, €xouv To TheovéxTtnua 6Tl elvar edxolo va vAonownboldv oe
éva xataveunuévo cvotnua. H opoyevrg xatavoun opilet tnv dnuovpyia otabepod aptbuov
avTLypdpwy yia xdbe aviixeluevo eve 1 avahoyixr xatavour optlel Tnv dnutovpyia otabepot
apBuol avtiypdewy uetd and xdbe avalitnon tov. To Paocixd epdhnua elvar av unogolue
Vo ETLTUYOVUE TNV BEATIOTY xatavour| Tetpaywvixic pllag o €va TANPWS XATAVEUNUEVO

choTnuaL.
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Enewdn dev unopodue va yvopllovue tov pubud g; ue tov omolo yivovtaw epwtioels yia xdbe
avixeluevo i, tpotdfnxe oto [13] wa evplotixy wébodog yia va mpooeyylotel 1 BéhTio

xatavour TeTpaywvixrg pllag.

"Eotw oe %80 avalntnon evdg aviixeluévou yvwpllovue tov aplbud twv xOuPwy mov epn-
homxay z. 'Oneg avagepbnxe, o uéoog 6pog tov xOuBey autdy elvon z = = Snhad” elvou
aVTLOTEOQWS avdloyog Tou apliuold Twv avilypdewy Tou aviixewwévou. H uébodog auty
opllel 6Tl auéong Yetd v avalytnon dnulovpyolue cx avtiypaga, énou ¢ otabepd. Apa
uetd and xdbe emtuynuévn avalATnon evog avTixelévou ¢ dnutovpyolvtol xatd uéco 6po
¢, avilypaga. 'Onwg dmotadbnxe tewpapatind n webodog auth dnuiovpyel avtlypaga tov
TpooeyYllouy TNy xatavouy| tetpaywwxic pilag, unobétovtag 6Tl To cloTnua elvan og oTa-

Bep) xatdotaon (dnhadh Tautdypova pe TV dnutovpyio VE®Y avilypdony dlaypdpovial To

Told pe (8o pubud).

Ye aut) Vv xatevbuvor, onuavtixd etvar To {ATHUA TS TOMTIXAS SLaYpa@®dy (BGTE Vo
odnynbolue oe otabepr xatdotaon (steady state). Ynobétouue 6T pe Tov ypdvo xdmowa
avtiypapa eapavilovtal xou véa matpvouv tnv 6éorn toug. I'a va Statnenbel to ovotnua o
otabfepr) xatdotacy, o pubuds Twv daypapdy Oa meénel va elvan o Blog ye Tov pubud TNng
dnutovpylac VEwv aviiypdwy. Ymdpyouv apxetéc moATixég Staypapnc. Mepixée moATixég
optlouv éTL oL Slaypagéc elvar aveldptnteg we Teog To id Tou avTLypdpou 1 TNy cuYVOTNTA
EPWTACEWY TOL To aopoLy. 'Etcot avabétouy évay otabepd ypdvo AMEng oto xdbe avtiypago
xa xatd ouvénela Ta avilypaga avixadiotavton we v hoywxy First In First Out (FIFO). Xe
dhheg mepunTdoElg, AaufBdveton v’ 6N TANEoopies OTKC To IO avTlypago yenouLoToLONXE
nohétepa (Least Recently Used, LRU), to noto avtiypago yenowonoteiton mo ondvia (Least
Frequently Used, LFU). Onowadfinote and tig nopandve ToMTixés unopel va eQopuooTtel oTny
xoatavoun TeTpaywvixy| pllag ue 6Téy0 va TepLoplcouUE TOV GUVOALXS aplBud avTLYEdPwY GTO

oVoTNUL.

6.2.1 ITpaxtixol alydpLOuot

[Tapd v mpooeyyLoTx) AOGY TIOU TAPOUGLAGTNXE GTNV TEONYOUUEVY TopdYpaPo, OTov d1-

utovpyoloaue avtiypaga mou elvo avdhoya Tov xOufey Tou epkTRONXAY, ot €va Suvauixd
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oVotnua 8ev elvon elxolo va Yivel Yvwotdg o apliuds Tov x6uBwy mou spntiinxay. 'Etot
z z 4 ’ e 4 4 ’,
Tpotdbnxay xdnoleg mohitixég dnuiovpylag avilypdpwy mou elval edxoleg vo Lhomoinbolyv.
H npdtn mohitixy| ovoudletar «owner replication» otnv onola dnutovpyeitat éva avtiypapo
/7 /7 z ! /7 ’ / 14 :
uévo otov x6ufBo mou Eexivnoe Ty avalimon. H Sedtepn molitixn elvon to «path replica-
tion» 6mou to avtixeluevo anofnxedetal oe 6Aoug TOL XOUBOUC XATY UNHOS TOU LOVOTATLOV
and tov avalntnty wg Tov Tapoyéa. H mpdtn mohitixy yenowonoteital 6 cuoTAUATA OTWG
oto Gnutella xou n deltepn oe cuotuata énwe to Freenet. Mia Behtivon tng dedtepng
uebddou elvan 1 «random replication» otnv onola To avTixeluevo avIlypdpeTal G XATOLOUG

tuyatoug x6uPBoug Tou YovoraTLoV.

6.3 Eoapuoyh alyopiBuwy push/pull yia v dnutovpyia

AVTLYPAPWY

'Onwe avapépaue Topandvw, 1 BEATIoTN ToATixy Snutovpylag avTlypd@my evog avTIXEWEVOU
elvon v SnuLovpyolue avtlypagpa Tou elvan avdAoya Tng TeTeaywVXNS pllag TwV epwTHoEWY
mov yivovtal yio autd. Ynobéooue OTL yia var ETLTUYOVUE AUTH TNV TOALTIXY) TEETEL O %0
aval¥tnon va dnutovpyolue avtiypagpa mou elvol avdioya ue tov apliud tov xéufo mou

epwTHOMn@ay.

Kd&be avalrtnon oto dixtuo unopel va Bewpnbel we Swaduxactia pull. Enedn dev yvwpllovue
néooL xouPBol epwthbnxay xatd to pull, uropodue va dnutovpynoovue Ta avtiypapo aUTA
xenoruonoldvtag xatdhhnia tov akydplfuo push. I'ia va mpooeyyloouue tov aplbud »xdyu-
Bwv mou epwthinxay, auéowg Petd amd U eTTUYNUEVY avalhTNon XATOLOU AVTIXELUEVOU
xdvouue push oto dixtuo Gote va dnutovpynboly avtlypapd tou. '‘Otav évag xéufog AdPBel
t0 wAvupa push pnopel (e xdmowa mbavétnTa) var dnuloupyRoel éva avtiypago tou dedo-
uévou A/xat vo npowbrioel to uAvuua tapanépa. Ovoudlovue tnv wébodo auth pull then

push.

Eneidy) 6éhovue o aplfudc tov x6ufwy mou Oa AdBouv Tto urvuua touv push va elvan mepinou
loog pe Tov aplbud Twv x0uBwv mou epwtiinxay xatd to pull, To TTL tou akyopibuou

push Oa mpénel va .oovtan ue to Bdbog oto omolo Beébnxe 1 mAnpogopla xatd To TponyNOEY
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pull. Me autév tov tpdémo av to avixeiyevo Peébnxe uetd and morhd Pruata téte Oo
avtiypagel oe neplocdtepoug wéuPoug xatd to push. ‘Etol, ta avtlypaga elval avdloya
ue Tov aplbud TV ®OUB®Y TOL pwTAONXAY XAl dEo EMLTUYYAVOUUE TNV MEOGEYYLON TNG

XoTaVoUnG TeTpaywvixng pllac.

6.4 Ilelpapotixd anoteAéopota

[ va e€etdoovye Ty ouuneplpopd Tng mEoTelvouevng uebddou, tponomotioaue tov e€o-

MOLWTY| TOV TAPOVUCLACAUE GTNV Topdypapo 5.4.

Ytnv eopolwon dnuLovpyolue €va Tuyalo dixtuo and x6uBoug oL onolol TPoGPEPOLY XATOoLX
avtxelyeva. Apywxd dev undpyel xavéva avtiypago avixewévou. Metd tov oynuatioud
Tou dxtbou apyilovy tuyaleg avalntioeis (pulls yia Tuyala aviixelpeva and tuyaiovg xéu-
Boug). Ou avalntioels yia xdfe avtixeipevo yivovtal pe Stagopetixéc mhavétntes Hote va
ueketioovue tov aplbud TV AVILYPdPwY 7; GUVIETHCEL Tou PLOUoY epwThoewy ¢;. Metd
and uiar emTUYNUEVN avalitnor dnutovpyolvTal avTlypa@a 6To 3IXTVo GUUPK YA UE TIS €ENC
TOMTIXES:

o Ouotduopyn, 6mou dnulovpyeltal 6Talepdc AplOUOS AVTLYPAPKY T; YLo XADE AVTIXEIUEVO
1, aveEdptnta and tov pubud cpwTHoEWY.

e [dioxtyTn, 6MOUL UbVO 0 X6uPog Tou Eexuvd TV avalnTnon dnuLovpyel aviiypago

e Movornatiol, émou avtlypagpa dNULoveyYodvTol XATd UX0og TOU YOoVOTaTo) UETaEY) TOU
avadnTNTY XL TOU TUPOYEA.

e Pull then push, eivar 1 uébodog mou mpoteivaue (6.5) xat oty onola auéows uetd and
éva enttuynuévo pull xdvouue push (ue to 8o TTL) oto dixtuvo To avtixeiyevo dote
va SnuovpynBoiv avtlypaga. ‘Otav évag xéufog Adfel to urvuua push dnutovpyel
éva Tomuxd avilypago tne umneeotiog ue mhavOTNTA Prepricate-

Ytbyoc pag elvar va e€etdoovue to xata n660 1) npotewvbuevy uéhodog push/pull eivan

oy vau Snutovpynoet avtiypaga mou axolouvfoly TV xatavour| tetpaywvixng ptlag.

Y10 oyfua 6.1 BAénouue Tov oyeTnd aplbud aviypdony % yio xdfe avixelyevo avdhoya ue

v ouyvotnTa epwtioeny ¢;. [lapatnpodue 6Tl oe dheg Tig puebbSoug dnutovpyiag avtiypd-
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0.06
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0.04 q

0.03 4
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// —e— OpoI6LOPYN
—e— [Blokmm
0.01

W —*— MovoTiamol i
—=— pull then push

— QewpnmKoS BEATIOTO

EIXETIKGG aplBu6g avTiypaowy

ZuxveTNTa EPWTHOEWV

Yynuo 6.1: H ouyvotnta epwthcewmy yia éva avTixeluevo o oyéon ue tov aplbud avitypdgny

Tou. Paiveton xat 1 BEATLIOTN xaTavour| TeTpaywVXig pllag.

QWY EXTOC ATO TNV OUOLOUOP®T), AVTIXEIUEVA Tou avalnTolvTal omdvia €xyouy ToA) Aydtepa
avtlypaga oe oyéon ue autd mov avalnTolvTal cLYVA. XTo oyxfua gaivetar xal 1 BEATIoT

XATAVOUN TWV AVTLYPdQwY SNAady| 1 xatavour Tetpaywvixig pllag.

H opolbuopen dnulovpyla aviiypdgny €xel TNy YeledTepn CUUTERLQORA AoV 0 apliudg avTi-
Yedpuwy Tou dnuovpyolvtal slva avedptntog and tny ouyvotnta avalntioewy. H yébodog
«adtoxtitny dnuiovpyel avtiypaga mouv avidvovtal Ypoauuxd wg tpog Tig avalnthioels. Ela-
PeOS xahOTERY TPOGEYYLON elval auTh TNg HeBbSou ovoratiov» apol TAnoldlel Alyo me-
pLoc61epo oTny BélTIoT xartavour]. 'Onwe BAénovye, 1 uéhodog tou npoteivouue (pull then

push) dnuiovpyel avtiypagpa ue xatavour mou elvat ToA) xovtd oty embuunty BértioT,.

300 0.06
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>
. M g
n A .
320 \wes 5 0.04
4 ——001)|| = W ——0.01
= s o
= 0.02 \ R 0.02
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5 K
2 100 + .// 2002 ¥
< o
x
s
i /j i f#]
0 0
ZuyvoTnra epwTHoEWV Zuyvotnra epwTHoEWV
a b

Yyfua 6.2: a) o n mbavédtnta Prepiicate ETNpedlet Tov aplbud avitypdguny tou dnutovpyol-

vtat. b) Hwg n mbavétnta Pepiicate ETNPESLEL TNV xatavouy| TeTpaywvixtc pllag

Yto oyfua 6.2a BAémouue 6Tl N TOAVOTNTA Preplicate EMNEEALEL TOV aplBud TV avTLYpd@my
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Tou dnutovpyovvtal oto cvotnua. Aol oe xdbe avalitnoy dnuoupyolviol Prepricate Ai =
Preplicate - avtlypaga, 660 peyahitepn elvon 1) mbavotro aut, Téou Teploc6Tepa avtlypopo
Bo SnuLovpynbovv. Iapdha autd, énwg BAémovue oto 6.2b, 1 xatavour| tetpaywvixrg pllag
dev alhdlel. Autd mou ahhdlel elvon o aplbudS Twy avTLYpdemy Ue TNy emTuyla EMLTUY Y dve-

TAL.

6.5 Egoapuoyr alyopiBuwy push/pull yia v evnuépwon

TOV AVTLYRPAPLY

Yy napdypago auty) bo acyohnfolue ue éva dAho TtedBAnua mou apopd TNy eVNUEPWOT) TWY
avTlypdpwy. Yrobétouue 6Tl undpyet évag aptbudg and avtiypaga mou £youy dnutovpyniet
UE TOV TPOTO TOUL TEpLYpdPauEe oTNY Tapdypago xal Béhouue Ta avtiypaga autd va elval

oLVETY) UETAEY TOUG.

Opllovue wg t8ioxtrity evéc aviixewévou tov x6Ufo mou to TPdoYepe TEMTY Popd GTO
dixtvo. H Baown apyr| elvar 611 xdbe @opd mou o Wroxthtng evdg aviixelwévou mpofel oe
z /7 ’ z ’ z 4
ahhayég, OAa Ta avtlypaga Tou avixelwévou oto dixtuo Oa mpénel va evnuepwOolyv. TN
TEAdELYUA, oV TO avTLXelUevo elvan éva Tpdypauua ol 0 x6ufog Tou To dlauolpace Yo
TGN Popd dnuocieuce ula véa €xdoon tou, Ha mpénel ue xdmoto TpdéTo va Tpoonabyioel va
EVNUEPGTEL GAOUG TOUG xOUBOUE OV TO aTERacav» va Tddouy var yenotonolody TNy Tohtd

€xdoom xal v xatedoouy TNy xouvolpyta.

Y10 xepdhato 5 meprypddaue mwg o alydplbuog push unopel va yenowonoindel yio vo xot-
VOTIOLAOEL TNV UETAXIYNOTY) oG UTNeeaiag oTo 3ixTuo. TNy neplntwon Twv TOANATAGY avTL-
Yedpwy petaxivnon unopel va Oewendel 1 evnuépmaon evdg avtxeluévou and Tov aSLoXTHTN
tou. 'Etot, 6tav npofel oe xdmoia adhayn, Ho mpénel va evnueptoet o dixtuo exteAGdVTOG
Tov akyobplfuo push. Ou xéufol mou Oa AdBouv to urvuua push €youv dbo emhoyéc: 1 va
axvpdoovy to avtlypagd toug (invalidation messages), i vo evuepdoouy TNV €xd0o6m Tou

€Y 0LV, ETUXOLYOVAVTIS UE TOV LBLOXTHTY.

‘Ouwe, o ahyodpBuog pull dev elvar mAéov xat T6G0 anhdg. Xtnv Tepintworn Tou dxtdiou Twy
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caches évag npdxtopag Ytay oe Oéom va yvwpllel téTe 1 TANpogopla Tou €xel oTny cache dev
elvar €yxvpn: npoonaboloe va ypnolUoTooeL XdTola UTNEeaia xal anotlyyave Ylotl elye
! ’ /. Ié ré /7 !
uetoavniel. Xtnv meplntworn Twv TOAATAGY avTlypdpwy o xdbe xéuBog yenowwonolel To
Tomxd avilypago tng unneeotag xou dev elvan oe Oéon va xataAdBel 6Tl 1) €xdoom mou Exet
elvon mald ool dev umopel va Yvwpllel av o 8LOXTATNG TNG TAREYEL XATOLL EVNUEPOUEYT

éxdoon).

"Etot, ot x6ufoL mou €youv xdmolo avtiypapo mpémel vo EAEYYOUV TEELOBLXE AV LUTAPYEL
véa éxdoon (periodic pulls). H ocuyvétnra avtic tne avalitnone unopel va Baoiletal oc
nohbtepa otatiotixd [18]. 'Eotw V. elvon o aplbuds éxdoong xdmolou avitypdgpou evic
avuxelévou, Vs o aplbude éxdoong tou Wioxthty. Ilpogavide oe xdbe x6uPBo tou duxtiou

Vave < Vis. Téhog, éotw TTP elvan 0 ypdvog yia to enduevo neplodixd pull.

YroOétouue 6Tt av oe dVo dadoywxd pull dev Bpebel xdnola véa Exdoor Tng mAnpogoplag
(Vis = Viyr) T6TE dAhov Oa Tpémel va ypnotuornotolue peyohitepo TTP. "Apa o enduevog
xeovog avalhnong Oa avindel xatd uia otabepd C:

TTP =TTP+C

Av petagd duo dtadoyxdy pull dnuooteubel wia vebdtepn éxdoon (dnhadh Vs > Vyy.) t61e Oat
Tpénel Vo UeLdoouue To TTP xouw udhota 1 uelkon auty va elval UeYdAn av To aviixeluevo

dAAae mopamdve amd uia Popd:

TTP

TTP =wxTTP — (1 — _
© ( w)XVZS_VaVT—i_O‘

6mov o > 0 xou 0 < w < 1 elvon mapduetpol mou opllovv To Téc0 YeRyopa N apYd Oo yivet

auTy N uelwon).

6.5.1 Evnuépwon aviiypdpwy mou dnuovpy¥dnxayv we push/pull

'Onwg eldaye, yla va ETTUYOLUE TNV XaTAvVOUN TETPAYwVLXNG pllag Tpénel UETA amd Uia

emituynuévn avalntnon o xdbe xéufog va xdver push dote va dnutovpynboldv avtiypapd
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oty eupltepn Yettovid Tou. Mropolue va enwpeinfolye and autdY TOV TPOTO XATACKEVHG

AVTLYRAPWY HOTE VAL ETULTUYOUUE TLO ATOTEAEGUATIXY EVIUEQPWOT).

Ac vnobéoouue 6T xdnolog x6uPog mou elye avalntiost naldTepa Eva avTixeluevo AdSBel
ulal evnuepmuévn éxdoon and xdrolo on-demand pull. e auth v mepintwon Oo npénet
va tpowbioet (push) xar v evnuépwon auth yertowd touv. Expetallevduoacte dnhadi
TOV UNYOVIOUS XATACKEVNS TWV AVILYRAQWY (GOTE VA Tpowlhncouue TNy evnuépnwon ot éva
utocVvoro xOUPwy Tou UTdpyouy TOAAATAY avtiypaga to onola ypetdlovTal eVNUEPWOT,.
Ovoudlouue tny péBodo avth push/pull-push ol ot WLoXTATES TOL XYoLV dAAAYES XEVoLY
push (6nwg xau oto anhé push/pull), evédd or xéuBot Tou xdvouy on-demand pull xdvouue

4 z I4
auéows uetd xat ot (ol push.

O Béhtotes twée Twv napauétpwy (decay, TTL) ywx to push tng evnuépwong elvon va
yenoueonotjoovue Tig (8teg e autég Tou push dnutovpyloag avilypdpny. Xtnv meplntwon
7oL eV EMOUUOVUE VO XPATHGOVUE AUTYH TNV TANEOQOopid, UTOPOVUE VA YEY|OLUOTOL|GOVUE
T0 Bdbog oo omnolo Beélnxe 1 evnuépwon unobétovtag dTL €xouv evnuepwlel o xéufol Tou

elvol TLo «(UaxpUd.

6.6 Iletpopatixd aroteAéopata

Ou eZetdoouue Tdpa av ot akybptbuol push/pull elvon teavol va xpathcouy o avtiypaga
evnuepwuéva. Aol @gTdcouye to cUoTnua o otabepy xatdotacn 6Gov apopd Tov aptbud
TOV AVTLYPAQWY xaTtahyouue ot éva dixTuo OmoU UTdPYOLY AVTIYPAUPA AVTLXELUEVKDY TOU
axoAouboly TNy TeTpaywvLXY) xaTavouy|. Apyixd, 6Aa To avTixelueva xou Ta avTiypopo €youy

Ve z ’ 4 ! ! z /7
aplBud éxdoong V; = 1. 'Eneita emhéyouue tuyato aviixeiyeva xat avidvouvue tov aptbud
ExB00MS TOU AVTLYPAPOU TOU UTAPYEL OTOV SOXTNTN» TOL AVTIXEWEVOU. XToOYO0C Uag elval
val eEETACOVUE AV OL TOALTIXES TOU TEPLYPAPOUE TUPATAVE ELVAL LXAVES VO EVIUERHDCOLY TA

uTOAOLTIL AVLY PP

'Onwe napatnpolue oto oyfua 6.3a, axduo xou éva anhé push/pull uropel vo xpatfoet

T avtiypaga cuvenr). MdAiota, Adyw Tou 6Tl Tar avtiypaga dnutovpyolvTal xoL oBvvovtat
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Yynue 6.3: Evnuepdoeig aviypdgpny
Evnuépwon xenowwonowdvtag to anhé push/pull, xafdg xa tmv Behtiwon énou petd xdnoto pull yivetow push oe dixtuo bmov
o avtiypagpo €yxouy npoxddet Tuyaia xar ot dixtuo ou €xouv npoxddel pe v uébodo push/pull

oLY VY, OTO CUYXEXPLWEVO Topddelyua yenowronomnxe éva tohd mepoptopévo push (d =
0.9,t = 4) nov buwc elvan eavd va Slatnproer éva PEYEAO TOCOOTS TWY AVILYPdYwY OE

GUVETY) XATACTAOT).

'Onwg elvan guowd, n Behtliworn touv va yenowonolel xdmotog push opéowg uetd xdnoto
emttuynuévo pull BeAtidver To anotéheoua 1660 6TO dixTUO PE Ta TLYAlA AvTiypapa 6GO
%ol 670 dixtuo Tou T avtiypaga @Tidytnxay e push/pull. "Ouwe, bdtay ta aviiypapa dev
z ! ! /7 z 4 4 z

gyouv @Tiaytel ue Tuyato TEéTO AAAd clugnva ue Ty uébodo push-pull, to anoteAéouata
’ 4 4 /7 /7 Ié /7 4 Ié /7 z z
elvat ToAd xakitepa. Omdte 1 undbeon mou xdvaye 6TL €va push petd and €va emTLYNUEVO
on-demand pull expetarlhedetar Tov TpéTO dnuLovpYlag TV avIlypdgpwy, emfBefotdveTtol xat

Ve /7 z /7 /7 ’ ! z /7
metpopotixd. Kou énwg BAénouvue oty ewdva 6.3b autd yivetar ywplc emmiéov xbdoTog

UNVUUATOY oE oyéan ue To Tuyalo dixTuo.
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Kegpdiowo 7
D VUTERACUOTA

Yy epyaoia autr ueAeTHOAUE TO TPOBANUA TV EVIUEPMOELY TNg cache oe éva peer to peer
dixtuo amd xynToUg TEdXTOPES. 1TO HOVTENO auTd, xdbe TpdxTopaS SLaTnEel ULd TEOCKTLXY
cache meploptopévou ueyehoug, mou mepléyel TAnpogoples yia Tov eviomioud K diapopetinddy
umneeotdy. TN xdbe plo and g K unnpeoieg, xpatd nAnpogopiec yio to mod Ba Beet Tov
TEAXTOPA OV TNV TAPEYEL. AUTO €xelL CUY ATOTEAEOUN VO SLATNEEITAL EVAS XATAVEUNUEVOG
XATAAOYOC TOL TepLEYEL TANPOYopieg Tou avTioTolyi{ouy UTNEEGLES UE TOUS TEAXTOPES OV

TO TPOGPEPOLV.

To npdfAnua mov e€etdoaue elval To TL cuuPaivel 6To TaEATdvVe dixTLO dTaY UTAPYEL XIYNTL-
x6tNta. 'Onwg eldaue, T TpéBAnua Tou dnutovpyolvTal And TNV UETAXIVNCT) LG UTNEEGLOG
elvo apxetd onuavtixd ool uta Tétola UETAxivnon Unopel Vo TpOXAAECEL QOUVETELX OTNY
cache twv unoloinwy mpaxtdpwyv (cache inconsistency). 'Etou mpotelvaye wo oepd and
ahyoplBuoug evnuépmons Ty eyypapdy cache. OuolaoTixd, UE TO VO EVNUEPOVOUUE TLC
eYypapég cache TV TEAXTOPWY, EVNUEPMVOLUE TLG GUVSECELS TOUG XAl XAUTA GUVETELX EVI)-

uepdvouue TNV 8o Ty Tonoloyla Tou duxtdou.

Ou ahydplBuol evnuépmong mou mpoteivayue, cuvdudlouvv tnyv teyxvixy pull, n omola Eexlva
and Toug MEAxTOopeS Tou YpeetdlovTal TNV EVNUEPMOY), XL TNV TeXVIXY) push, Tou Eextvd and
TOUG TPAXTOPES Tou ueTaxtvouvtat. Kou n teyvix) push oahhd xow n teyvixr pull Baoilo-

vtow o xatdhAnhec tapolhayéc tne webddou mhnuudpac (flooding). Mekethooue v yehon
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neptodixdv pull 6mou oL mpdxTopeg mEPLOdIXd evnuepdVoUY OAOXAnEn TNV cache Toug xau
v xafanaitnon (on-demand) yprion pull émou oL npdxtopeg evuepdvouy xdrola eYYpapy
otnv cache uévo 6tav avaxaitdouy 6t dev elvan €yxvpr. Kata to push, étav o npdxtopag
uetaxvnel evnuepdvel Toug uToholmoug Yia Ty véa Oéon Tou. Meletroaue dpxeTES THPAA-
Aayég alyoplOuwy flooding-push ye o160 va evnuepdoovue 660 TepLoGSTEPOUS TPAXTOPES

yiveTar yenoiuonoldvtag 660 to duvatd Aydtepa UnviuaTa.

[Tpotelvoupe enlong uia véa maparrayn flooding otny omola ol mpdxtopeg mou Aaufdvouy
TANEOQOpLa OYETIXA UE TNV UeTaxivnon dAAwy, TV xpatoly yia Alyo oe xdmolov xatdioyo
Tou ovoudlovue xatdAoyo «snooping». Luyxplvovue autég Tig ueBbGSouc (Tou Baosilovtat oto
flooding) pe v yprion evéc evnuepwuévour push 6mou ot npdxtopes xpatoly entnpdobeta
xat pio aveotpopuévn cache (inverted cache). Me otéyo va pewdoouue to péyebog tou
xatahdyou inverted cache cuvdudoaue tov akydplBuo autd ye Ty teyvixy deasing» émou

Ié Vé 7 / . Vé ré
x30e mpdxtopac uLobdvel Tov ypdvo Tou otny inverted cache xdmolouv dAlov.

4 /7 4 /7 4 4 4 /7
Mo va ouyxpivouue T Yebddoug autolg vAomowoaue évay e€ouowwty). Kipliog otdyog
uog elvan vo eEETACOVUE TNV TOLOTNTA TOU SIXTVOU TOU TPOXUTTEL UE TNV YENOT TOU %A0E

ahyoplOuou evnuépwong xabde xaL Tov eépTo UnvuUdTey Tou tpoxalel xdbe alydplbuoc.

‘Otav ev BEhouue va YENGULOTOLGOVUE TAPATAVL UVAUN YLa TOug alyopibuoug evnuépmwong,
t61e 1) LbvN Ao elvon o anhdg push/pull ahybpibuoc. O alydpfuoc avtdc napovoldlet ixa-
vomountixd anotehéouata (6c0v apopd TNV cuvénela Twy cache) uévo btav yenouronownbel

éva eupl push flooding aAAd empépel ueydho PdpTo UNVLUATLY.

H Vrapn xatahdywy snooping xat neptodixdv pull Behtidver (xatd mold) tov ahybplbuo
plain push/pull adhh&d wg avtdhhayua éxer avinuévo x6otoc o uviun. Xenowwonoldviog
Ti¢ (teg axpBdc mapauétpouc ue to anid push/pull, n cuvénewn Twv eyypapdhy otic cache
TWV TEAXTOPEG TOL TOU SIXTOOU ElvaL ApXeTd XAAVTERY) Xal dpal oG ETMLTEENEL VAL ETUTUYOVUE

v (St modtyTa oY cache ypnowomolBvtac Aiyotepa unviuata.

O ahyépibuog inverted cache push/pull enipéper ehdyloto Pdpto unvuudtwy xar otuyuala
evnuépwon (1-hop) xou dpa elvon xatdhhnhog v ovotiuata ota onola yivovtar o) ou-

YVEC UETAXIVACELS. (20TOCO AMAUTEL TNV YENON UVAUNS YLo TNV SATHENoN TV XATIAOYKY
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inverted cache ot onolol unopel va yivouv apxetd yeydAoL yio TedxTORES TOU XATEYOLY ON-
uogukeic urnpeeotec. Emnhéov, oL alhayéc otnv cache twv tpaxtépwv (cache replacements)
EMPEPOLY POPTO unvuudtwy. Télog, o ahydplbuog avtdg Sev elval xatdAAniog yia avo-
&iémota ouothuata open-MAS agod o xdfe mpdxtopag Baoiletar oe dAloug 6TO Vo TOV

EVNUEPMOCOLY.
To anoteléopata autic TS SoVAeLdc TapovoLdoTnxay Tpdogata xal oto [23].

"Eva 8etepo Oéua to omolo pehetioaue elvon 1 Suvatdtnta eoapuoyYng Twv alyoplBuwy
push/pull otnv dnuiovpyior xar v diatfpnorn noAhanhdy avitypdgwy ot éva dixtuo P2P.
'Onwg eldaue o BéAtioTog apliude avilypdpmy evog aVTIXELWEVOL Elval avdAOYOS NG Te-
Tpaywvixne pllag aptbuod avalntioewy mou yivovtow yia autd. Mia xadr) Tpocéyyion i
Vv enlteudn auTthg TNg xatavourc elvan oe xdbe avalRtnor va dnulovpyolue avtiypapa Tou
elvol avdhoya pe tov apldud Twv x6uPwyv Tou epwthinxay. YXe nakldtepeg epyacieg autd
elye mpooeyylotel ue Tig TEYVIXEG «owner replication», émou uévo o xduPog mou Exave TNy
avalitnon dnuovpyel aviiypago, xau «path replication» 6mou dnutovpyoldvrtal avtiypapa

XOTE UNXOg TOU LOVOTATLOU Tou avalnTnTy XAl TOL TapoyEa.

Ynv 3 pog epyacta mpotelvaue 6TL 1) xaTavouy TETpaywvixng pllag unopel va mpooey-
yiotel av auéowg Petd amo uia emtuyNUEVN avalhtnon o xouBog mou TNV Eexlvnoe xdvel
push to anotéleoua oto dixtvo ye TTL (oo ye o Bdbog edpeong. Ta avtiypapa Ho 3n-
uovpynboldv otoug xéuBoug tou Ou AdBouy To urvuua push. ‘Onwg eldoue xow TelpapaTIXd,
7N uébodog auty) npooeyyllel xahUTepa and TIg TEONYOVUEVES TNV BEATLOTY) xaTavoun TETEO-

yovixng ptlag.

Ennpbobeta, delloue nwe unopoldy va egoapuootody ot akybpibuot push/pull oty Swatipnon
7 Ié ’ /7 / 7 ’ 4
NG OLVETELNS TOV avTLYpd@wy. ‘Otav o Wloxthtng evdg avixelévou npofel oe ahhayég
xdvetl push oto dixtuo, evdd oL x6uBol mou €xouy avtiypaga eeTdAloLVY TEPLOSIXA oY UTAPYEL
Z 7 Vé z e ! z /7 /7
véa €xdoor xdvovtag éva on-demand pull. Iapovoidoaue enlong évayv anid tpémo Yo va

Tpocapudletan ypdvog uetadl duo meptodixdy pull.

Abdyw Tou 6TL Tar avtlypapa dnutovpyolvton Ue TNV ¥eNor vég push petd and xdmola avo-

{ftnom, mpotelvaue 6TL av 0 x6uPBog Tou Ta elye dnutovpynoel AdfBeL xdmola vedtepn €xdoon
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(uéow evég on-demand pull yio napdderypa) Oa mpéner vo npowbiioer xou Ty evnuépwon
auth ue éva push. 'Etot, yetd and xdbe emtuynuévo on-demand pull O mpéner va yivetan
push ye oté)0 va emtdyouvue TNV evnuépwon 660 To BuvaTd TEPLoGOTEPWY avTLYpdpwy. Ta
TELPAULATIXG ATOTEAEOUATA ESELEaY OTL AV TA avTlypapa €youy @TilayTel ue push 1 teyvy

aUTN elvol ATOTEAECUATIXN.

7.1 MeAlhovTixy douleld

Yndpyouy ToANG epguynTind Déuata G0V apopd TIS EVNUERHOOELS GE EVal SuvauLxd TepLBAAAOY
6mwg elvan ta dixtva P2P. Emnhéov, ot alybpifuol push/pull urnopody va Beouy egopuoy
oe mdpa oA medla. E&aptdton and to T oplleton xdfe Qopd we «ueTaxiviomny xou Tt wg
evnuépwonp. Av Bewprioovue 6TL yetaxivnon elvon omoladnnote véa mAnpogopla 1 omola
TeEneL vau Yivel YVwoT oe dAloug, téTe oL alybplbuol autol umopody Vo eQapuOoGTOUY XAl

0E APXETEC AANES TEPLMTMOELS.

’ ’ / ’ /. ré 4 /7 z
Onwe eldaue ov akydplBuol autol e€optdvtal xatd TOAY and TIC TAPAUETEOUS TIOL YENOL-
uonotobvto xatd to push xat to pull (decay, TTL, ocuyvétnta nepodixdy pull, expiration
time, lease time xTA). Av xat UeAeTHOAUUE TLC EMUTTOOELS NS Xdbe napauétpov 6To GhoTNUA
Oo mpénel va pehetnbel mwg oL mapduetpol autol Ha mpénel var auvtoppubuilovtal ot €va du-
/7 7 ré z 4 /7 z
vouxd P2Pototnua avédhoya pe to puéyebog tou Sixtiou xat Ty TUXVOTNTA TV GUVIECEWY
/7 ’ 4 /7 /7 /7 ’ 4
x.o. Mtoyog Oa elvar va unopolv and uévot Toug ot xéufol va pubuilouvv Tig TapauéTpoug
autég Gote va PBehtiotomondel 1660 N mOOTHTA NG EVNUEPWONG OGO XAl O POPTOC TGV

UNVURATOY TIOL AVTAAAIGGOVTOL.

Emmiéov, evdiagépouvoa epeuvnixt xatebBuvon elvar va yehetnlel 1 epapuoyy twv uehddwy
push/pull oe acpuata ad-hoc dixtua. e auth v nepitTWOT UTOPOVUE VO EXUETAAAEY-
TOVUE TANPOYOplES TS N YEWYpaQXh BEon xau «puowiy uetaxivnon (Ue xdroto ToydTnTa
xat dlevBuvor) yia vor emLTOYOVUE ATOTEAEOUATIXOTERT) EVNUépwOT. Mropolue vo eQopus-
covye Tig uebddoug autég yia To TOAY onuavTixd Béua NS dpooAdYNOoNS. LUYXEXPUULEVA
unopoluE vo ypnousonotiooue toug alyopifuouc push/pull yur va evnuepdoouue toug

Tlvaxeg Spouordynong mou Satnpel xdbe xouPog oe Eva tétolo dixtuo.
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Téhog Oa unopodoay va epeuynboldy véol TpdToL EVNUEpwoNg Ue 6TOYO TNV eAaLOTOTOINO
Tou 6Yx0U TV unvuudtwy. Io napdderypa n edpeon xaldtepng cuvdptnong decay, Véwy
alyopiBuwy flooding, ehagpdc dounuéves evnuepdoeis (ty super nodes ov €youvy KG 6TéYO

YOl GUYXEVTPOVOLY EVNUEPHOOELS) XTA.
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[Topdptnua A

Enioxonnon duwxtimy Peer-To-Peer xau
Ad-Hoc

Ta dixtua P2Pxow ad-hoc €ywvay Snuoguhéc aviixeiyevo 1600 gpeuvntind 660 %ol wg epap-
uoyvég yenotov. (2 anotéleoua, elyoue U Expnir TEOTACEWY, UEAETHOY, CUCTNUATOY XAl
epapuoy®dv. Kpelbnxe Aowndy anapaitnto va yivel yia mAnpéotepn emtoxdnnon twv Sxtiny
autdyv. o Adyoug mAnedTNTaC o aveEapTNolag TOU TAPAPTHUATOS AUTOY, XATOLEG TANEO-

poplegc TOU TUPOUCLACAUE GTO XxePAaLo 2 Oa emavaingboldy.

A.1 3votjuata peer to peer

H apyttextoviny| mou emxpatovoe oto internet mply tnv eu@dvion twv peer to peer ¥tayv
Bootouévrn oto povtélo nehdtn-eiunnpéty (client-server). O egunnpétng ftay cuvibwg évac
LoyLpbs UTohOYLOTHS Tou Tapelye xdmoleg utnpeoiec xat fray povipws dtabéouuoc (online),
EVE Ol TEAATES TAV OL UTOAOYLOTEG TIOU YPNOLULOTOLOUoAY TLG UTNEEGieg Tou EUTNEETN al
ouviBwg ot clients dev uropovoay va enixolvwyviioouy dueca wetalld toug (oyfua A.1). Xta
ovothuata client-server dev unrpye aUTO-0pYAVWGON GTO SXTVO, 1N 0PYAVWGY XAl 1) dlolxno

OAOXANPOU TOU GUOTAUATOS TEOXUTTEL AT TNV TOALTLXT) TOL eEUTNEETY).



90 Ad-Hoc

=

e -
client pee
AikTuo client-server AikTUuO peer-to-peer

Yyfuo A.1: And v apyitextovixn tehdtn-eEunneétn ota dixtua P2P

Yuepa, UE TNV ELPAVLOT OAOEVA YENYOROTEPMY XL GUVEYMS EVERYDY GUVIECEWY GTO inter-

net (always on) éva véo €ldog Stacvdeong éyet avadetybel. H olvdeon Aoy ylvetal atouixd
t (al dog dlacvvd detybel. H olvd I\
’ . ’ ’ 7 ’ . . ,
uetadV Tov client. Avtl va xakolue auty) Ty emxoltvevia client oe client tnv xahodue peer-
to-peer (1 dixtua opotiuwy) agol ot cuvdéoels yivovtal petall oudtiuny (lowv) peers, eved
z e /. ! Ié /7 4 z

n Aé&n client urodnAdver uia vro-umneeotia mou e€aptdtal and xdmoov e€unneétn. To ye-
Yovég 6T xdmotog xevtpindg eEumneétng unopel va €xel Bonbnoel oty apyxr olvdeon xa
emucoLvowvia dev €xel xaula oyéon e 1o mou yivetow 1 teAxy) Spaotnpdtnta. To anotéAeoua
E' /7 /)\ 8 /7 ’ /7 /7 x)\ /. Vé 8 7

vaw 6Tl OAeg oL SpaoTneldTNTES YivovTal and Toug peers, 1 aAhldg oTa dxpa Tou SixTdou.
Av vy mapdderypa Oehnioel xdnolog va dnuootedoel xdtt, Unopel vo To xdveL 6To dixd Tou
unohoyloty, avtl va To otelkel oe xdmotov e€wtepind eunneétn. Ta dixtua P2Peivar pia

4 4 7z z 4 z :
véa emuxahuntixy (overlay) Stolvdeon néve oTic TpéYouoEC GLVIECELS TOL internet.

Yty mo amAy tou popyt|, P2Pelvar évag umoloyiotic mou pwtdel évav dAlo yia xdmola
vnneeota. H unnpeola auth unopel va elvan apyeta, Aoyiouixd, Suvatdtnta exTUTLONG, UTO-
hoylotu| LoyVg xth. I'evind, ota peer to peer dixtua xdfe ovuuetéywy xdUBog dpa xat
oS TENITNG AN o w¢ eEunneéTne (servent) napéyovtag xdnoloug ndpoug R unnpeoteg. Ou
4 ’ z ’ z z 4 4 z
peers umopolv va guvdeboly 1 va arocuvdeboly avd mdoa oTiyur| xal cuviBng dev undp-
XEL xdmowa xabohux| yvdon v ého to clotnua (ty ndool peers undpyouv ¥ Tt UTNpEscieS
7 7 /7 /7 7 7 /7 /4
npoo@épel o xabévac). Ilapbho mov oe auth v Wéa Paocilovtar 6ha ta p2p cuoTHuata,

1 AEYLTEXTOVLXY| TOU GUVAVTATOL and GUoTNUA 68 cUCTNUA UTopel va Stapépel ToAd. "Evog
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apapeTixdg xat Slonchntixdg oplouds Yyl Ta peer to peer cuoTriuata divetow and tov Clay

Shirkey [2].

Peer-to-peer eivar n xAdon tev epapuoydy mou exuctallevovtal resources onwg: anoln-
XEUTIXOG y@pog, encéepyaotixs) toyUs, vAixo, avlpdmivy napovoia, mov uvndpyet SidonapTo
Z Z z Z 7 Z
oe xdbe uépoc tou Internet. Ereidy n mpdofacy oe autd ta un xevrpuxomoinuéva re-
sources onuaiver tnv Aettovpyia oc éva actabéc mepBdiroy olvdeons xar anpdBientwy IP
dievbivoewy, ot xéuPor peer-to-peer mpénet va AettoupyoUy extés tov DNS xai va éyouy

onuavtxy 1 tAfen autovoula and xevipixols eEUTnEETES.

[ToAhol matevouy 6Tt P2Pelvon amhd évag StapopeTinds 6p0g Yol To XQTAVEUNUEYA OUCTHUATA
(distributed computing). H onuavtixd Stagopd HeTaZl 16V XATAVEUNUEVLY CUGTNUATGY XaL
TV oNuepLVOY Sixtimy P2Pelvan 6Tt ol xéufol evég cuotiuatog P2Pelvar cuvibog anid PC
/7 ré /. z z ré ! z ’ /7
%ol Oyt ueydhoL, cuvey s ouvdedeuévol eEunneéteg. Ot teddteg elvar Théov amhol xéufol Tou
Bonbovyv otnyv enitevén allomotiog xou avelaptnolag aAdd ue uetwuévo xéotog. O mopol
éyouv %dn ayopaotel (and tou yproTec) xot anhd <xedfoviows XL TEPLUEVOLY, oY ENOULOTOLN-
TOL X0l AVEXUETAANELTOL (TiY OL ETEEEPYAOTES TV LTOAOYLOTAY EVHS GY0AX0U epyaoTnplou
’ ! z 7 Ié ’
v voyta). Ta dixtua P2Puoc enttpérouv va expetalieutolue autd ta aypnolonointa

resources.

Yuunepaouatixd, toAlol matebouy 4Tt oL uépeg Tou ypetalduacTay Evay XeVTpxd eUTNEET
/ ’ z Ve z /. ’ z
v va guho&evijoovue TAnpogoplieg €xouy tepdoel. OL UTOAOYLOTES TV TEAAT®Y elval TAEOY

peers ot €va dixtuo, emitpénovtag oe xabéva va @uho&evel xal vo Tpoo@épel Tig SIxég Tou

TAnpopopleg.

A.1.1 Xproelg cuotnudtwy PP

H yerion tov Sixtbny P2P3ev nepropiletar udvo otny aviadlayn povowxdy apyelwy. Yndp-

YOULY TOAAES YpNOELS OTLG:

o Kataveunuévor unohoyiopol (distributed computing): To cvotiuata autd xo-

TAVEUOLY ULo UTOAOYLOTIXG SUox0AN gpyaoia ot évay aplfud and peers ue 6té)0 va
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XENOUWOTOLGOUY TOUG LUTOAOYLETIX0UG THEOUS OAWY aUTGY TV xOUPBwy Yo TNy emi-
Auon tng. Xuvihfug ol peers dev emxolvwvoly dueca Petadd Toug ahAd Uéow evog
XEVTELXOTOLNUEVOL eEUTNEETY Tou BLarvEuel Tar xouudtia Tng epyactag. Iapadelyuata

TéTolwY ouotnudtwy elvor T SETI@Home [3],United Devices [4], Entropia, GPU xtA.

o Kataveunuéva xatefdopata apyelwv: I'evind, dtav éva apyelo npoopépeto and
évav uévo yenotr, 6co neplocdtepol To xateBdlouy, T660 UIXPOTERES TAYVTNTES ETL-
Vé /7 ’ /7 7 /7 z 4 / /7
Tuy)dvouv. Av Suwg to apyelo autd mpoopépetan and éva P2Podotnua téte dooL
xateBdlouy To apyelo to Tpooépouy xar Tautdypova (yivovtow xau ou (dtor eEumnpé-
1ec). Auté éyeL oav anotéheoua va auidvetat 1 cuvoluxh dtabeoidtnta (bandwidth)
TOU GUYXEXPWEVOL aPYELOV, VoL XATAVEUETAL O QPOPTOS OE MEPLOGHTEPA Amd €val o-
uela Tou internet. Iapadelypoata tétolwy dxtdwy elvan to BitTorrent, Gnutella [5],

Napster [1], LimeWire, Kazaa [6], Freenet [7] , Popular Power, E-donkey xTA.

o Mnyavég avalrtnons: Me v yerion P2P3uxtiwy urnopel xdnolog va (el apyela,
urneeotieg, oehdodeixtee (bookmarks) xtA nmou mapéyouv dhhol yprotec. T mopd-
delyua unopel uéoa oe uLa etatpla Vo UdpyEL €va TOTXS BIXTUO TOL ETUTPETEL GE TPO-

YeAUUATIOTES Vo avalnToUY TapadelyUaTta xXMO3xa 6 UTOAOYLOTEC GUVASEAPKY TOUG.

e Emuxowvewvia: Yrdpyouv epapuoyés chat nou Sev Bacilovton og évay uévo xevtpixo-
romuévo e€unneétn. 'Etol ol yproteg v tapddelyua unopovy va opilouy udvol toug
TOUG XAVOVEG, 1N xou va emxolvwvoly an’eubelag uetald toug yia yeyalitepr ao@d-
Aewor/TaryOtnto. Mopoadelypota tétowwy unneeotdy elvan to netmeeting, ICQ [8], voice

over IP.

e Yuvepyaocia: Mnopel xdnolog va Eextviioet éva épyo (project) ue évav aptBud and
14 z 4 4 4 ! 4 . >
piloug, va drapotpdlovton ta apyeia Tou €pyou, évay nivaxa oulntioeny (discussion
board), xdmoto chat xou dhha anapaitnto epyahela. Apydtepa unopel onotodfirote
uéhog va xakéoel dhhoug va cuufdiiouy oto €pyo polpdlovtag xol exelvol xdmoleg

umneeatec.

o Acgdleta: Mropolyv xdmota WéAn o€ Uil XOLVOTNTA VoL EVINUERMGOLY 0 €Vag TOV dAAO
yia mbavég tpuneg acalelag, etoBoréc xTA. 'Etol unopody éhot va AdfBouv ta uétpa
tous. H amoxevtpmuévn yerion g umnpeciog autr) onualvel 6Tl 1 andAela evog udvo
x6uPou dev dnutovpyel TEOBANUA 0TNY XaVOTNTA TOY dAAWY va avTdpoly ot Béuata

acpahelog.
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e Idiwtixdtnta (privacy): T topdderypa oto Freenet [7], urnopel o xabBévag va xdvel
dnuooteboel TNV Yvoun tou (¥ xdnoto apyeio) ywplc tov @éBo va anoxalugbel. And
TNV oTLYUn Tou TNy dnuooctedoet, autr Ha tapauével Y 660 LTdEYOLY YEYOTES TTOL TNV

»xateBalouy, ywpels Vo UTAPYEL TPOTOS VAl TNV OBNCEL 1) YO TNV TPOTOTOLOEL XATOLOG.

o ‘'Eunveg cuoxeuég: Paviaoteite cuoxevég OTwe Eva 3ixTuo and aviyveuTtég N axdua
o €va 3ixtuo PETAEY QUTOXLVAT®Y VOl ETUXOLVWVOUCAY UETAE) TOUG AoUpUATO UE

G6TOYO VA TPOELSOTOLACOUY YLo TUEABELYUR YId XATOLO ATOYNUA 1) Yl XATOLL ToEaL-

Thenom.

A.1.2 Boaowég apyés

Ta P2P cuotiuata ynopolv va Oewpenbodyv cav éva Internet oe eninedo epapuoync ndve

070 xhaoowxd Internet. Ot Bacuxég apyéc mou ouvavtdue elvau:

e Ou peers eival opéTipoL: oe avtibeon ye ta cuothuata TeEAdTn eEunnEétyn 6Tou Xxdbe
/ 7 V4 /7 4 4
x6uPog €yel Tig dixég tou apuodiotnteg ota P2P dixtua ol peers Aettoupyolv xat wg

TEAATES XL WG EEUTNPETES.

e Aioporpacués népwyv/vrneestdy: ‘Ola ta P2P cuothuata agopoldy Tov dtauotpo-
oub népwv 6nwc apyela (Tty Tpayoldua, video, mpoypduuata), ebpog dixtdou (band-
width), vnnpeolec (énwg unnpeoies Thnpogdenonc). Me to va popdlovtar ov npot
umopoUy va vAonownbolv eqapuoyéc Tou elvan mohd PBoapléc yia va Pactotoly oe éva

/7 7 /7 4 ! z 7
uévo x6ufo. Autd frav xat To xivnTtpo cucTHUATWY 6Twe To Napster.

e 'Aucom ovvepyacio: Ot peers cuvepydlovtol ueTal Toug Yia TNV eNiteLdr xdnotog
ouyxexpuévng epyacta. Ou xéufol emxolvwvoly dueca YeTadl Toug oL o)L Ue TNV

4 z z 4 / Z 4
xenon xdmotou evdiduecou e&unneétyn. Nta P2Povotiuata mou undpyouy e€unnpétec,
XENOUWOTOLOUVTOL UOVO YLat TNV ovaxdALYN TwV Peers Tou TPOCPEROLY XATOLOV ATl

ToUUEVO TOPO oL EMELTA OL peers cuvepYdlovtal Ywelc TNy tapéufacy Tou eEunneé.

o AuTo-0pYdvwor xaL avtovorio: ‘Otay €youue Eva TANEMS XATAVEUNUEVO GUCTNUA,
dev umdpyel xdmotog x6ufog mou va Statneel wa Bdon dedouévwy mou Vo xpaTdel xa-

Bohuxr) mAnpogopla yia to clotnua. ‘Etor ov xduPol mpénel va avtodiopyavmboly
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xenowornotdvrag uévo tomuxt mAnpopopia xar aAAniemiSpdvag ue yeitovixols xou-
Boug. "Etou nalpvovtag Tomxés anogdoelg unopel To UoTNUA Vo SOLAEYEL GUVORLXA.
Ou peers xat oL cuVdEaeLg Toug Bewpolvtal Tpocwpelvée. "Etol dev unopolue va xdvouue

EXOLES OYETIXA UE TNV TOTOAOYLAL.

o Anoxévipwon: H anoxévipwon elvor WBLoUTEpWS YeHoWn Y TNV aAnoQuYn evog on-
uetov anotuylac (single-point-of-failure) 1 onuelwv cuugpdenons (bottlenecks) tng and-
doon evég ovothuatoc e otéyo TV xhudxwon (scalability). 'Ouwc 1 xAwdxwon
auth Baociletar xatd ToAd 610 TEMTOXO0ANO Tou %xdbe cucTAUaToc. IIAen anoxevtpw-

uéva ouotiuata elvor to Gnutella xou to Freenet.

e Acttovpyia oc actabég nepiBdAhoy: Ta cvotiuata P2PBascilovtan oe x6uPBoug mou
4 z ré /7 ’ z /4 7
oLVOEOVTAL XAl amocuVSEovtal cuyVa and Tto dixtuvo. EmnAéov enedn ol npocwnixol
UTOAOYLOTES TTOU GUUUETEYOLY Elvan o ennpenelc o Tuyales aotoyles (npoBiAuota
VAo, TpofMiuata cuvdéong oto internet, Lo, ydxeps xTh) ot alybpLiuoL Ty dSixTOmY

/. ! /7 /7 z 4 ’
aUTOV avTLeTOTICouy To Suvauixd autd TepBdAloy cav wa cuviing Staduxactia xat

oyt oav wa e€atpeo.

o Avalrtnon: H avalhtnon ota P2P cuotiuata potdlel ue otatinég avalntioelg 6mng
autég Twv Goggle ¥ Yahoo. Ytny otatixr avalitnon, n mthnpogopia mely avalntniel
TpéTEL TEGTA Vo cLAAeYBel and xdmolov crawler (ol crawler culhéyouv mAnpogopieg
and oeMdec xau Tic npochétouy oe Bdoelg dedouévmy unyavdy avalftmong). Ko pe-
TagV duo emoxédewy evég crawler oe xdmnoto site umopolv va mepdoouy urveg . 3to
evdldueco n TAnpogopia unopel var ahAdEet, vou Starypapel X TA UE ATOTEAEOUO TO ATMOTE-
Aouata e avalntnong va etvar avagiémota. Ta dixtua P2P 8ivouv tnv Suvatdtnta
v avalntnorn oe mpayuatixd yedvo. ‘Ouwg, avdhoya Ue TO TpwTdxoAAo, xdmola
mhnpogopla unopel va unv Beebel axdua o av undpyet oto dixtvo. Erniong dev undp-
XEL €YYUnon v v Sdpxeta tng avalnitnong. ‘Etol undpyel npdBinua nodtnrtog
vrneeotdy (Quality Of Service B QoS) ot cuothuata P2P .
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A.1.3 Toirotl cvotnudtwy PP

Kevtpuonowmuéva cuotiuata (Centralized P2P)
Kdébe peer cuvdéeton oe évav eCunnpétn mou ouvtovilel Tig emxolvemvieg UeTal) TV peers
xat Gheg oL avtalhayée unvuudtoy yivovial péow tou edumnpétn (oydua A.2). IIol\ot
’ /7 r4 Ié z 4 4
urootnellouv 6Tt Tar ouoTAUaTa autd dev Oa mpénel va Hewpolvtor P2Pagol ol peers Sev
emxolvovoly an’eulelag. ATAGS 0 xevtpinde eEUTNEETNS XATAYPAPEL TLC UTNEEGLES TTOL TPO-
O@EPOLY oL peers xaL av xdmotog OeAroel va ypnolwonowioet uia and autég, TIg YeNoLULOTOLEL
z z /7 /7 /7 ! /7 4
uéow tou egumneétn. Ta mheovextAuata authc tng Lebddou elvar 6TL 1 dtebBuvon Tou edu-
z ! /7 ’ 4 ’ Ié /7 z /7
e elva YvwoTyh xat etvan edxoho va cuvdebel xdnolog oe autdv. Emmniéov, enedr ta
Ié 4 / z ’ ’ Vé . !
Tyt TEpVoLY and tov eEumneéty, unopel va yenotdonownlel xdnowo caching yua va auénbet
N andédoomn. Aev undpyetl TepinTwo Vo €YOVUE XATATUNOT TOL dixTVOL Aol UTdPYEL LOVO
éva eninedo ouvdéoewy. Ta yetovextAuata elval Tl o eunneétng elvan onuelo cuuPdenong
’ ! z 7 ’ / ! Vé
xat onueio anotuylag (av «éoew o eEunnpétne dev Aettoupyel 6ho to dixtuvo. Mepixd ma-
padelyuata TETOLWY EQAPUOYROY elval eQapuoYES Tou Slauotpdlouy enelepyaoTixol TOPOUS
(CPU sharing applications) érwg to SETI@Home [3].

Yvothpata peoitn (Broker P2P):
Ot peers cuvdéovtal oe xdmolo eEunNEETN YLo Vo avaxaAlpouy dAAoug peers xaL UTNEEGieg
7 7 4 7 ’ ’, 7z,
%o LOALS Bpouy autd Tou BENouy emxolvmvoly aneubelag LeTagl TOUG YLo VoL GUVERYAGTOVY
4 Z 7 z 4 4 z e
(oo A.3). O xdfe xéuPoc Zépel u6vo Tov xevtpixd eENmnEéTn xol XATOLOUS PEeers Tou
o eCumneétng Tou «obotnoer. To mAcovexTHuaTa AUTGY TeV dxTOwV elval 6Tl €yel TNV
/7 /7 z z /7 z 4 z /7

anddoon evég xevipuxonoinuévou eEunneétn (6cov agopd Tic avalntioels) alhd Tautdypova
emtpénel Tig an’eubelag ouvdéoelg TV peers mou artocuuPopilouy Tov xeVipKd eEUTNEETY

7 4 4 z 4 4 ’, 4
and TLg E0WTEPUXES AvTaAAaYES unvuudtwy. Ilapadelyyata tétoiwy Sixtdwy elvon To Napster

[1].

Anoxevipowuéva cuatipata (Decentralized P2P):
Avty) elvan n ahnbuvr) apyttextovixy) peer-to-peer: dev umdpyel xavévag eEuTNEETNG, ATAL
peers (oyfua A.4). "'Evag véoc x6uBog ouvdéetan oe évay undpyov x6ufBo tou Sixtdou xou

aUTOS TOV GUCTHVEL O UeELX0Ug axdud. Aev UTdpyYEL XAVEVASC XEVTPIXOTOLNUEVOS xOUB0g
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mou va cuvtovilel To dixtuo. To dixtuo Aettovpyel GuvOAxd ue TNy AN UOVO TOTIXGDY
ré Ié Ié ’ 4 4 z /7 /7
anogdoewy oe xdbe peer. Avo EeywpLotd dixTua UTopoly va evwboly ue évay anhéd xéufo
z 4 /4 ’ /7 Ié Ié 4 ’
mou cuvdéetar xat ota 8bo. Ta mAcovextuata elvar 6Tt dev LTdpyEL xdmolo adUvato onueto
070 dixTuo 60OV aopd TNV cuugpdenon xal Tic actoylec. To uelovextua elvor 6TL oL
/ ’ 7 4 4 ’ z /. Vé /7
avalntioelg elvan apyég agol mpénel va wetadoboly uéow ToAGY Brudtey oe dhoug Toug
x6uPBouc (multi-hop searching). ITapadelypata tétowwy dixtiny elvar  Gnutella [5] xou to

Freenet [7].

Mepuxdg anoxevipwpéva cuotipata (Partially decentralized P2P):
To dixtuva autd elvar LBEWIXE aVAUECH OTA CUCTAUATA UEGLTN XAl OTA ANOXEVIPWUEVA.
Yta ouoTHUATA aUTd, 6TaY UTdEYoUY xdmotol x6ufBol Tou UTEPTEPOUY GE GYEOT) UE GAAOUG
(xahOtepn olvdeon oto internet, xahltepo enelepyaott, ueyahitepn ywentxdtnta dioxov,
Yvopilouy neptoodtepous peers x.a.) TéTe avtol oL xéuBot Aettoupyoly wg super nodes. Ot
super nodes 1) super peers, ALToLPYOUY cav ULxpol eEUTNEETec-ueaiteg uéoa oe Eval UeYaAU-
z ’ ré /7 4 z
Tep0 amoxevipwuévo dixtuo. Kdébe xéufog tou dixtdou (cuunepalouBavouévmy tmv super
peers), cuVSEETOL OE €vay 1Y) TEPLOGOTEPOUC SUPEr PEErs XAl TOUS YPENOLULOTOLEL Yl EXTENE-
/ / /7 / ’ 4 ’ !
ot yphyopeg avalntioeg (oyfua A.5). O xéufol autol dev anoteloldy onueio anotuylog
(point-of-failure) yia to dixtuo agod emhéyovtar Suvauixd xau ot epinTwon anotuyiag To
dixtuo Oa toug avtixatactioel ue dAloug. Ilapadelypata tétolwy Sixtdwy eival To Kazaa

[6] xou To Morpheus.

A.1.4 Aour P2Pduxtiwy

To cuothuata P2P arotehodvton and duvouixd dixtua yue ntohbmhoxr Tonoloyla. Autn 7 to-
! 2 ! ré ’ 4 ’
rohoyla dnutovpyel éva dixtuo emxdhudne (overlay network) mou unopel var uny €yer xouia
4 V4 ! z /7 ’ 4
oyéon Pe to Quoxd dixTtuo Tou cuvdéel Toug xouBoug. Ta P2P Sixtua unogel va Swagpopo-
ronfody we tpog To av autd to overlay éyel xdnota douy| (structure) ¥ dnuiovpyeiton Tuyala
(ad-hoc). Me tov épo Sour (7 structure), evvoodue Tov TPOTO UE TOV OTOLO XATAVEUETAL TO
TEPLEYOUEVO OE OYECT UE TNV TOToAoYlo: av UTdPYEL xdmolog TpdTog Vo Tovue an’subelag
Totot x6UPoL £0UY XATOL GUYXEXPLIEVY TANPOYOPEL 1) AV TRETEL VoL aval NTHOOVUE OAOXANPO

7o dixTvo.
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Kevrpikog
server

KéuBoi-reAdTeg

Yynuo A.2: Kevrpuconowmuéva P2Pouotiuata

KevTtpikog
server /
Broker

KéuBoi-reAareg

Yyhuo A.3: YBpWduxd anoxevipwuéva (brokered) P2P
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Yynuo A.4: IIMpwe anoxevipwuéva P2P

—— Zuvdéaoelg super peers (avalnTioeig)

<« AT’ euBeiag ouvdéaeig Twv client (dedopéva)

Yyua A.5: Mepuddg amoxevipwuéva P2P
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Adéunta P2P

Yto P2Povotiuata ywpic Soul (unstructured P2P) 6nwe to Gnutella [5], n tonofétnon
¢ TAnpogoplag dev €xel xaula oyéon ue tnv overlay Tonohoyia. Aol dev undpyel xouia
TAnpogopla ylo To ToloL x6UPBoL TEOGPEROLUY Tola resources, 1 avalNTnon onualvel Tuyola
avalitnon oe xdnoloug x6ufoug tou dixtdou dnwg Ba dodue xar oto xe@dioo A.1.7. To
Oetind pe autd ta dixtua elvar 6Tt umopolv va eEumnpeticouy éva ueydio xol duvauixd
mhnBuoud and xéuPBous. 'Ouwe to x6oTog TN avalntnong elval YeYdAo UE AToTENEOUA TA

8’ z 4 7 7
ixtua aLTd var Bewpolvton var uny Bewpolvtar xAwaxolueva (unscalable).

Aounuéva P2P

Me otéyo va emtiyovue ueyahdtepn xavétnta xhudxwong (scalability), Snuiovpyrfnxoay
ta Sounuéva ovotiuata P2P (structured). Tétowa cuotiuata eivon to Chord, CAN, PAST,
Tapestry xtA. Mta dixtua avtd 1 emxaiintovca Tonohoyia Tou Suxtdou elvon eAeYydUEN
xo ol mopot Tonobetolvtal o8 cuyXeXpLEves Béoelc. AuTd Tat CUCTAUATA TAPEYOVY XATOL
avtiotolynon (mapping) petadd Tou mhpou xou Tne Béong Tou PE TNV Hop®h xdmotou Ti-
vaxa dpouoldynone (routing table) étol dote 1 avalftnon vo unopel va dpopohoyrnbel otov
x6ufo mou €xer Tov embuuntd népo. Ta dixtua aUTd TPOCPEPOLY HAWAXWON Yl avaln-
THOELS XATOLWY TOPWY ToL elval xaAd optouévol. "Ouwg ta dixtua autd elvon dGoxolo va
dtatnerioouy Ty Sour| Toug oe €va UEYAAO xat Suvauxd Tapayduevo TAnBuoud and peers

/7 z z ré
(x6uPoL cuvdéovtal xaL anocuvdéovtal GUYVE).

Elagpig dounuéva P2P

M tpitn xotnyopla dxtdny elvar ta edagpdc Sounuéva (loosely structured). Tétoro ma-
pddetypa duxtdou elvar to Freenet. To Slxtua autd taglvouolvtal xdmou avdueco oTa
mponyolueva dVo. Ou Béoeic Twv épwv emnpedlovtol and xdnolx dpouordynon aArd dev

4 /7 /7
xabopllovtan amd auty.

’ ! Z 7 z ! ! ’
Eyouv avantuybel apxetd cuotiuata P2Poe xd0e xatnyopla. Mnopeite va deite mou xata-

z e 7 /7 4 14
TAGCOVTOL UEPLXd amdT Ta TLo dNuo@Ay cuotiuata P2Potov mivaxa A.1.
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Unstructured Networks | Loosely Structured Networks Structured Networks
Hybrid Decentralized Napster
Pure Decentralized Gnutella Freenet Chord, Can, Tapestry
Partially Centralized Kazaa, Gnutella

ITivaxag A.1: Katnyopleg yvwotdy P2P Sixtiny

A.1.5 Tlapadetypata adéuntwy dixtiwy PP

[Topaxdte Oa neptypddouue tepthnntixd Ty Pacixr| apyLtextovixy xou Tov facixd Tpdno Aet-
Tovpylag uepedy and ta o dNuoy custhuata P2Prou avantdybnxay. Oa avapepbolyue
TpdTa o cuoThuata adéunta énwe to Napster, SetiQHome, Kazaa, Morpheus, Gnutella,

Freenet xou éneita oe Sounuéva ouotriuata énwg Tov Chord xou Can.

Napster

To Napster [1] elvoaw to didonuo mp3 file sharing cVotnua mou dnuovpyRdnxe to 1999.
"Hrav emavaotatind yatl Atay and ta mpdTa mou enétpene aToug ypnoteg agod cuvdeholdy
oe évay XevTpLxomolnuévo eEunneeéty), va Pdouv ota apyela TwyV cUVSESEUEVWY YENOTAY X

uetd va to xateBalouvy xatevlelav and avtolc.

O yprioteg 6Tay cuvdéovtal 6ToV XeVTpxd eEUTNEETN GTEAVOLY TNV AloTa Ue Ta mMp3 mou
xdvouv share. O xevtpxdg eunneétng npochéter Ty Mota aut) oe ula Bdon dedouévey
TOL TEPLEYEL T TEAYoLUdLa xaL Tolol cUVSESeUEVOL YprioTeg Ta Tpooépouy. 'Otay xdmolog

z z ! /7 z z z 7 4
avalntd éva apyelo, o xevipixdg eEumneétng Pdyvel oty Bdon SedoUEVmY XAl TOV EMLOTEE-
(el Toug peers Tou To €youv. 'Emeita o yprotng cuvdéetan an’subelag oTov peer mou €yet
To apyelo xou To xateldlel ywpelc xoula mepattépw TAREUBAON TOL XEVTPLXOU EEUTNEETY).

ITopdderypa Touv duxtdouv Napster elvow avtd Touv oyfuatog A.6

Seti@Home

To Seti@Home [3] Zexivnoe to 1996 w¢ éva emotnuovixd melpoua mov yenouLomoLel Toug
UTIOAOYLOTEC Tou elval ouvdedeuévol oto internet yia va Pdel yia e€wynvn vonuoolvn
(extraterrestrial intelligence, SETI). Anotelelton and évav nehdtn und yoppy| screen saver

mou avohoufdvel va avaidoel dedouéva amd padtotnieoxdmia. O meAdtng cuvdéetal oc
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Eupetiipio

Kevtpikdg server Tng Napster
\ @

client

JOV peer TTou TO TIPOCPEPEI

Eyfua A.6: To dixtuo avtahhayrc Tpayoududy Napster

évay xevipuxd e€umnpétn, xateBdalel ta dedouéva mou TpdXELTUL Vo eMEEEPYAOTEL oL UETA
to eneepydleton Uéypt va AUoel To TpOPBAnUa ol OTEAVEL Ta AMOTEAEOUATA TOW OTOV
egunneétn. Av 1 extéheon dev emtUyetl T16Te ayvoeitat. [lapduola cuotiuata €xouy yenoiuo-

nownfel anoxpunToyEdEnon TaxéTwy xo and etapleg 6nwe 1 United Devices xou 1 Entropia.

Kazaa, Morpheus
To Kazaa [6] xow to Morpheus [25] elvou 800 mapbuoia P2P cuothuata mou avixouy otny
xatnyopla partially centralized agol yenowonowolv v 13éa twv SuperNodes. Xtoug
x6uPoug autolg avatifetol SuvauLxd va eEunneeToly éva UTOGUYONO TV peers Tou SixTHou
ue to va xdvouyv caching ot indexing twv apyelwyv toug. Ou peers exAéyovtal auTOUATA
vl va ylvouv supernodes av €youv apxetd elpog Sixtiou xat enelepyaoTixy) Loylg. XTO
Morpheus évag xevipixdg efumnpétng xpatd Alota ue xdmoioug and toug SuperNodes.
Ou avalntioeg otélvovton uévo oe supernodes xat Oyt o amhoUg peers. Av xdmoiog
4 z / 4 4 ré /7
supernode anotOyel oL cuvdedeuévol oe auTdV peers umopoLy va ouvdebolv oe dhho 7

xdmnotog and autolc va yivel o véog supernode.

Havemothuto Inavvivey, Tudua ITIAnpopopLxyig Acovtiddns Hilog



102 Enioxénnoy duxtiwy Peer-To-Peer xauv Ad-Hoc

© 2002 HowStaifivorks
Bquery: "Baby Go Home.mp3"

i E

6-7 levels ) )
depending on "time to live"

“I've got it!"

8,000 - 10,000 computers

Yyuo A.7: Awduxacta avalitnong oto dixtuo gnutella. Ewéva and to site <how stuff
works» [26]

Gnutella

To Gnutella [5] elvar to npdto oaknbivé oudtwo P2P olotnua.  Aev urdpyet xdnotog
xeVTELXOg e€UTNEETNG Yia avalhtnon, opydvworn xat emxolvovia. Ot yproteg cuvdéovtal
Yl TEATN QOPY GTO SIXTUO UE XATOLOV PEEr YENOULOTOLOVTAS £vay eEUTNEETN avalTnong
(lookup server) nou ovoudletar GnuCache. AMNG autd Sev elvon unoypewTIXS: UTOPOYUY Vo
ouvdebolv PBoloxovtag tnv dlebbuvor xdmolwou peer uéow Newsgroups, websites xth. Agou
ouvdebel ye éva peer elvor eixolo va Bpet xar dhhoug xéuBoug yia va cuvdebel xdvovtog
xdmnota avalitnon uéow touv mpdTou . Ou x6ufol oto Gnutella cuvibwg cuvdéovtar ue
TpELS dANoUS xouUPBoug xal uetd extedoly avalnTioelc Yenolwdonolmytag xdnoto broadcast
oe 6Aoug TOUg YELTOVEG TOL UE TNV Oelpd TOug TO TPowlholy aToug dxolg Toug Yeltoveg
x.0.x. H dadixaotia auth ovoudleton mAnuuipea 1 flooding. Aol Bpebel o xéufog mou éyet
T0 apyelo 1 emxowvevia yivetoal ansulelog uetadl twv 8Vo x6uBwy 6w xal oTa UTOAOLTA

P2P Sixtua (oyfua A.7)
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Freenet
To freenet [7] elvon éva anoxevipwuévo P2P cVotnua. Yrdpyet uepuxh Sour; ahhd ou peers
opyavévovtal petald toug. Ouolaotixd yenoiuonolel Tov ehelbepo Y®dpo oTov dloxo Twv
/ z /7 /7 ! 4 4 z
peers Yyl va Snoupynoet éva xouvd eixovixd file system. Exel elvan xan 1 xevtpw Stagpopd
Tou ue to Gnutella to onolo elvon éva file sharing cdotnua evdd to freenet elvon éva file-
storage cbotnua. Evéd oto Gnutella ta apyesla avtiypdgpovtor dtav évag yeriotng Behroet
va o xateBdoel, oto freenet ta apyela umopoly va mponwlnboly oe diloug xéufBouc Yl

anofvxevon 1 replication.

To freenet éyel oyediaotel Gote va nopéyel aopdicia xar avovuula otoug ypnoteg Tou. Ei-

va avépuxto var avaxahugpBel 1 tparypotixy Ty Y Tou apyeiov (o ypriotng mov To dnuovpyrnoe

/7 z ’ z Ié ré /7 /7 /7 ! 4

1 To éxave share) yiati ta dedopéva anhd nepvdve and xéufo oe x6ufBo xau elvan addvato
Ié ’ /7 Ve /7 /7 /7 Ié

xdmotog va xaboploet Ta Tepteydueva mouv undpyouvy 6Tov dixd Tou x6ufo (ntéco udilov va

xpatnfel unebBuvog yua autd).

'Otav éva véo apyelo tomobeteltal oto olot Aoyl ‘va ki 5

exX nuo, urohoyileton €va key yuar autd xar to
apyelo autd Tomobeteltal oe peers mou €youv apyela ue napduolo key. Av xdnolog avalntrioet
autd To apyeto Ba emoTpagel oTov avalnTnTy u€cw evOg LOVOTATION Xau o)L xateubelay ue

z ’ 4 / /7 Vé / Ié

anotéAeoua va elval adivatog o eviomiouds tou. Omoltoadnnote evdiduecog xouBog xdvel
cache to apyeio xou unopel vo ahhdZel Tov anootoréa (Bdlovtag tov eautd Tov). Auty elvon
GAAT o Suehelda yior var Statnenbel n avovuula agol ol peers mou éxavay cache to dedouévo

dev unopolv va Bewpnboly unevBuvol ulag oL autd €yve ywplc Suxid toug Tapéufaon.

Kdbe xépfog €xel éva mivaxa dpopohdynong ue toug xéufoug nou Eépel xau ta keys toug. To
Freenet elvou loosely structured yiati évag xéufog unopet va unohoyilel motol peers elvat mo
mhavéd va €youv To dedouévo tng avalntnong xal va tpowbrcel To urvuua ubdvo ot auToug.

"Etoul dnutovpyeiton €va povomdtt mou €yel ueydieg mbavoétnteg va odnynoel oto dedouévo.

Ilepiocdtepeg mANEOYOpRieg OYETXE UE TO TEWTOXOANO Xou TNV apyLTtexTovixy) Tou freenet

unopeite v Bpeite otny LoTlooelda Tou [T7].

A.1.6 TIlapadeiypata dounuévey dixtiny PP
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Chord

To chord [27] eivou évar npwtdxolho mov emtpénel wa scalable ypryopn avalitnon xéuBwy
Tou TepLEyouy cuyxexpluéva dedouéva. Xto chord o xdbe xéuPBog avahauBdvel va e&unnpe-
Toel ouyxexpluéva dedouéva xat yeetdlovtow O(log n) Bruata yia va Bpolue onotodinote
x6ufo and onolodrmote dAAo xéufo. Ou xdufol opyavdvoviow oe évay SaxtOhlo xat xd0e
x6uPoug &pel Tov auéong mponyoluevo xéulo, Tov auécng enduevo, Tov 2 hops enduevo,
tov 4 hops enduevo, tov 8 hops enduevo xox. Abyw tng opydvwone Eépel Toh) neplocd-
Tepoug xovTvolg xéufoug mapd waxpeivole. Ilapddetyua tne Tomoloylag chord uropeite va

delte oto oyfua A.8.

12
™~ 14 [N120

112
1116

1732
1/64

Yynuo A.8: To dixtuo chord

Ia v avalrtnor ovclactixd tpwobolue TNy epdTNoN 6TOV XaTdAANnAo x6ufo and autolg
ToL EEPOUUE: GTEAVOLUE TNV EpGTNCT 0TOV Teheutalo x6ufo mou elvan mpLy and Tov x6ufo
z /7 4 z 4 /7 4 4
mou Ydyvouue. Autdg mpowlel oTov auécng Tponyoluevo x6uBo mou Eépel x.0.x. UEyPL VA

Bpolue tov TeEAxd xéufo.

Me tnv eloodd tou évag xdufog mpénel va Béoel Toug Belxteg 0TOV TEONYOUUEVO Xal TOUG
/ /7 Z Z /7 ’ /7 7’ /7 / ’

enduevoug xouPBoug owotd. AAE autd dev elvan apxetd agol dhot ot xéufol 6To dixTUO
z 4 z /. ré /. z

TEEMEL VAL AvaSLOPYAVMGOLY Tal BES0UEVA TOUG BOTE Vo XAVOUV Yo Yla dedouéva mou Oa

avahdBel o véog xéufoc. Enedh autéd arotel ypdvo O(log?*n) autd yivetar mepiodixd. Topd-

Uoleg xaTaoTdoelg avTiueToilovTal xoL xatd TNy anoydenoy evog xouPou. Ilepiocdtepeg

TAnpogopiec unopeite va Beeite oto [27].
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Yynuo A.9: To dixtuo CAN

CAN

To CAN [28] elvar ouctaotind évag unyoaviouds yu scalable indexing. Kdbfe dedouévo
(value) maipver éva xhewdt (key). H anobrixevon autic tne avtiotoiylag (mapping) yivetou
xotaveunuéva oe 6houg Toug xéufoug tou Sixtdou. 'Etol, xdbe xduBoc @uAdel Eva uépog
(Cdvn) tov Cevyapdv (Key,Value). Emnhéov xpatd xar mAnpogopleg yia toug xéufoug
YeLToVX@Y Lwvedy. Nto obotnua autéd ol xéufol yweilovtar og évav D-dimensional xapte-
otavd ybpo. Kdébe xéuBoc avahauBdver plo tétowa Ldvn (unopeite va tnv gaviaoteite ooy

éva 0pBoydvio TapaAAnA G Yoo ) xot o x&Be Ldvrn untdpyetl udvo évac xéufoc (oyhua A.9).
puoy PAAANAOY PO i PXEL U o AU

To hash table (Key, Value) xatavéuetar wc e€fic: o x6ufog meptéyel 6ha tar dedouéva yio
ta omolot o Key touc agol mépaoe and pio uniform hash function H(key) ta éoteile oe
onueto P mou avrixel yéoa oto tetpdywvo tng {dvng. ‘Otay ddyvouue yia éva dedouévo ue
key K, t6te 10 nepvdue and tnv (8t hash function v onola pag xateufiver ndh oto onuetlo
P rnou elvar péoa oty Lédvn tou x6uPou nou éxel anofnxevpévo to (Key, Value). Eneid?
o070 evdidueoo unopel va éyel alhdet n Ldvn (va éxel npootebel véoc xbufoc), av dev Bpebdel

N TN oty (AN auTy, XOLTAUE 6TOUS YelToVeC.

’ 4 z / 4 z 4 ! ! /7 /.
Otav évag véog x6uPog ocuvdéetal emhéyel éva tuyalo onueio P otov xapteciavd yoeo.

Metd emuxoitvwvel ye Tov x6ufo otov omolo avrixet n {dvn xat autdg Tou Sivel Tov ULed and
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Tov Ywpo tng {Hyng uetadidovtag Tou To hash table mou avtiotolyel oTtov xdpo autd xau
EVNUEPGYOVTAC TOV YL Toug YelToveg. AvtioTolya otny anoywenon napadidel tny {dvn Tou

ot xdmolov and Toug yeitoves (merge).

Avohutinr| Teplypa@r Tou cUOTAUATOS Xat TwY ahyopiBuwy tou Ha Beelte oto [28].

A.1.7 Avalntroeig os addunta dixtva P:2P

Yta unstructured P2P Sixtua, étav xdmoiog Géher va avalnthosl plo mAnpogopla 1 €va
4 4 z /4 ! 4 7 ! /.
apyelo, mpénel avayxaoTixd va Eextvioel uia Stadixacio avalitnong oe 6ho to dixtuo Hhote

va Bpel xdnolov peer mou Oa o €xEL.

H yevuer; uéhodog avalfitnong oe avtd o dixtua eivon 1 mhnuudpa (flooding): O peer nou

OéheL va xavel Ty avalitnorn mAnuuuellel To dixtuo ue To altnua Tou UéypeL Vo PTACEL OE

xdmotov mou va £yl TNy avalntoduevn tAnpogoptia. Ilo cuyxexpuuéva, av n TAnpogopia dev
I4 z 4 4 4 4 /4 4 4

Beebel oe xdmowa tomuxy| cache, o peer otélvel éva puivupa avalitnong oe €va unocUvoho

/7 4 z 4 z 14 z

Ty x6uBwy ye toug omoloug cuvdéetal (yeitoves). Me tny oelpd Toug autol mou éhafay
/ 7z 7z 4 /7 4 .z ’

T0 wivuua To Teowholyv ce LTOGUVOAD T®WY SIXGY TOUS YELTOVKLY Xat oVTw xabeng. 'Otav

xdmnotog peer avoxahiel 6T £xel TNV TANPOPOopla, ETLXOLYWVEL UE TOV peer Tou Eexlvnoe TNy

aval¥tnon xat dev npowbel To pvuua Tapanépa.

[ Aéyoug anddoong, n avalitnon autr dev cuveyileton an’ dnelpov: To uRvuua Tponbeital
uévo t gopés. H mapduetpos t ovoudletar time to live (TTL). Emtnhéov évag peer umopel
va MBet to (dto urvuua avalitnong Tapandve and U @opd Aoy twv mhavedy x0xhwy Tou
umopel va undpyouy 6ToV YRdPo Twv cuvdéoewy. 'Etot, yia va anogeuyboly ol emavaueto-
ddoeg, av évag x6ufoc Tpowbioel éva uivuua, dev Ha to npowbiicel Eavd oto uéhhov (xon
TéM dev e€akelpovtat TAHpwS ot TodAamhéc Melg Tou iBlov epwthuatog). Ot teyvixée autég
ouvHBng elodyoLy UEYIAO 6YXO0 UNVLUATWY GTOo SixTuo. AvamtiyOnxay apxetéc napahiayés

NG TEYVLXG aUTHS Yia TNy avalhtnor ot éva adéunto peer to peer dixtuo.
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A1A6 flood Teeming 2-Random paths

Yyuo A.10: Mébodou avalrtnone oe unstructured P2Pdixtua

Plain flooding
Yto anié flooding, o xdbe peer mpowbel To uHvuud Tou oe bhoug Toug Yeitovég Tou. Kabdeg
7z 7z ’ 4 4 V4 4
npowbolvtar ta unviuata oynuatiletar To dévipo tou oynfuatog A.10a. O dbpog dévipo
lowg var unv elvon apxetd axpBrc yiotl xdmotog x6uBog umopel vor UTdEYEL TUEATAVW Amd
! z z /7 ’ Z 4 Z z 4

ulo popd oTov Ypdyo autd (apod undpyouy xOxhot) akkd Bonbdel oTo va onTixonocOLUE
v emowvovia. Puod 1 emixolvovia otapatd dtav gtdcovue o éva uéyioto Bdbog t xau

dev emavanpowbodvtan S queries.

To Baowdé yerovéxtnua tou flooding elvar o mohd peydiog aptbude unvuudtwy Tov TANUUL-
ellouv To dixTUO 0 Oomolog auidvetar exbeTixd wg mpog to Bdbog t tng avalntnong ahhd xat
Tov Babuéd touv xébe xéuBou (apludec yertédvwy). 'Ouwc o alydplfuoc autds éyel xow TV

ueyolUtepn mhavétnta va Beel v TAnpogopla, av auTY| UTdpyYEL 6TO dixTUO.

Teeming

To teeming elvar pia mbavoten uébodog avalrtnong mov oyedidotnxe ue oTdY0 v Uelnbel
o apliudg Twv unvuudtwy. O xdbe peer mpowbel To uAvuud touv oe éva Tuyalo unocdvolo
v yertdvey tou. Opllovue v mhavétnta ¢ va mpowbricouue To pryuua oe xdnolov
yettova. "Etol av k elvan ol yeltoveg evég peer, To uéyebog tou utoocuvélou autol umopel
va elva and 0 wg k, ue uéoo péyeboc k - . To anhd flooding unopel va Bewpnbel wg L
ey meplntwon tou teeming pe ¢ = 1 (oyfua A.10). Iapduora teyvixy elvar to modified
random BFS [11].
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O ahyodpbuog autdg eyyvdtar mhavotny emtuyla g avalntnong. 'Oco mo wxpd elvan
T0 @, 1600 Aydtepol xoufol Ha Siepeuynfoldy ue arotéheoua va €youvue xou uxpdTepy Tho-
votnta ebpeong anoteréopatog. ‘Ouwg neplopllel apxetd Tov apliud Twv uUnvuudTwy Onwg

€delav oo [10].

Teeming with decay

Kabd¢ xateBatvouye oe yoaunidtepa enineda tou dévtpou avalitnong undpyouv TOAAATAL
avtlypaga tou unviuatog avalitnong oto dixtuo. Xto flooding yia nopddetypo to unvi-
poto autd auédvouy exbetixd. T va avtiwetomotel autd to TEOBAnua uropolue xabidg
TO eTINEdO AVEAVETAL, VO UELOVOUUE TO UTOGUVORO TV YELTOVWY GTo onolo Ha tpowlnbel to
ufvopa. ‘Etol n mbavétnta ¢ dev napauéver atabepr) ahdd elvan cuvdptnor touv Bdboug tng
avalitong. Ilo ouyxexpwéva, ¢ = f(s,d) énou s eivon to Bdboc Tou x6uPou oTo dévpo
(step) xou d elvon pio napduetpoc Touv v ovoudlovue decay parameter. Mo anoteheoua-

T ouvdpTtnon f elvon auth mou yetdvel exBetind Ty mbavétnTa @ dnhadh ¢ = (1 — d)°.

Random paths [12, 10]

Ytov ahybpluo autd o peer Tou Zextvd Ty avalAtnon entxolvwvel ue p yeltovéc tou (p < k).
Ané exel xau tépa x&0e peer mpowbel To unRvuua udvo oe Evay Tuyala EMAEYUEVO YEITOVE TOL.
"Etou dnulovpyolvtal p puovorndtia avalhtnong unxoug t. Xtov akydplfuo autd emhéyeton
ouviBog Tohl ueyahvtepo TTL t. Elvow @avepd 6t o alydpibuog autdg €xel to uixpdtepo
96pTO UNVLUATOY, Sunc Exel xal Ty wxpbtepn Thavdtnta emttuyolde avalitnong (oyua
A.10).

Yrdpyouv mohhég maparhayéc autol tou alyopibuou. O k-walker random algorithm [13]
napdyel k-walkers mou npoywpdve oto dixTuo emxOLVLVOVTAC TEPLOBLXd UE TOV query node
Yo v udBouy av mpénet va atapaticouy 1 va cuveyicouv (av 1 TAnpogopia Peébnxe). Xto
Two-Level Random Walk Search Protocol [14] undpyouv 8%o TTL. Méypt va Mi&et To tpdto

TTL noapdyovtar walkers mou cuveyllouv uéypl va Ai€et to dedtepo.

Iterative deepening

H ué6odoc tou iterative deepening mpotdbnxe ([15, 16, 12]) ye otéy0 va ehayloTonotioet
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A.1 Yvotiuata peer to peer 109

To unvopata. Xpnowonoteital étav yvopllovue 6Tl 1 TAnpogopla £xel weydheg mbavdtnteg
va Bpebetl otny yettovid evég xéufou. Ouotaotind xarodue pia uébodo avalntnong ue TTL
= 1. Av anotiyet, enavarauBdvouvue v avalhtnon ue TTL = 2 x.0.x. uéypr va Bpoldue
v TAnpogopla. Adyw tng exbetinng adEnong Twy unvuudtwy pe to TTL, elvan mbavd wa
enavolnnTix) avalitnon yia TTL 1,2,3 unopel va emupéper suvolxd Aydtepa unvouata oe

oxéon ue wa anevbeiag avalitnon ue TTL = 4 yia napddetyua.

Directed BFS and intelligent search [12]
H wéa nlow and autdv tov teeming ahydplBuo elvar 6Tt emhéyetan éva unocivoho Tou €xel
ueydin mbavétnta va ddoel ypiyopa emtuyéc anotéheoua avalimone. [a v emhoyn
TOV XOAGYY YELTOVLDY, xdbe x6uBog QUAL anmAd otatioTixd Yl toug Yeltovég tou. [
TaEddeL YA

e Tov uéyloto aplbud eMTLUYNUEVWY ATAVTHOEWY WG TMEA

e To uxpdtepo hop-count nov ypetdotnxe yio wat nponyoluevy avalhtnon (latency)

e To néo0 otafepde eivar o yeltovag (av undpyel Yoo xoupd exel)

e O yeitovag ue to uixpbtepo message queue ( 0 AydTepO anaoyoANUéVOS).

Me v 600t emhoyn YELTOVWY UTOPOUUE VAL UELBGOUUE TOV dplud TwV UNVUUATLY, Vo
éyovue molotxég avalntioels xou uxpdtepo response time. Yto [12] uévo o query node
XeNoLwonololoe GTATIOTIXA Yl Vo tpowbnoel to unvupa. ‘Olot ol dhhot xdufol Exavay
amhé flooding. Yto [11] buwe yenowworouffnxay «keywords» xau étor yevvhfnxe n Wéa
Tou keyword query mou amoteholvtav and téooeplg unyaviouols: avalitnong, profiling,
alloAdYNoN TWV peer, eVPECNC TUPATANCEWY epwTHoewy. 'Etol o xdbe xéufog emhéyel

yeltoveg mou andvinoav Ypryopa oc TapOUOLES EpWTNHOELS Ot TopeADOY.

Local indices based search [12]

Kdbe x6ufog puldetl evpethiplo ue dedouéva avaltnong yia toug k-hop yeitovég Tou. "'Etot
av épbel €va query umopel ypriyopa vo anavinoel av xdmotog and toug k-hop yeltoveg €xet
v mAnpogopla. 'Etol umopolue va amavinoovue oe ula epdtnon ue v Bla axplBela

anacyoldvTag Aydtepoug xdufoug. Ou xduPol emeéepydlovton éva urivuua avalitnong
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uévo av to Bdbog avalitnong d avixel oe €va xowvd policy P mou elvan (8to yia 6houg Toug
x6uPouc. Av 1o Bdfog d dev avrixel oto P té1e anhd npowboly to urvuua otoug yeltoveg

ue Babog d+1.

[ napdderypa av k = 2 xaw P = 0, 3, 6 t6te 0 x6ufog avalitnons (Béboc 0) Ha enelepyaotel
T0 whvuua (dnhadn Ba det av undpyeL anotéleoua 6To eupeTiipLo TNg 2-hop yettovide). Av dev
undpyet Ha tpowbrioet To uRvuua otoug yeltoveg ue Bdfog d = 1. Autol dev Ha eneéepyactoly
To uRvuua ytl to d = 1 dev avixel oto policy P. 'Etot, to puivupa anid Oa npowbnbet
otoug yeltoveg e Bdbog d = 2 xou uetd otoug yeltoveg pe Babog d = 3. Ou xéufot ue Bdbog

4 /7 ! / /7 /
d = 3 avixouv oto P ondte Oa yiver avalrtnon oto Tomxd cupethiplo x.ox.

Ta evpetrpla autd mpénel var avavewboly xdbe @opd mou xdmolog peer elaépyetal N QeVYEL
and to cbotnua. H aviyvevon yix failures yivetar ye yerjon unvuudtwy ping. Ilepiocdtepeg

TAnpogoplec Ha Beeite ato [12].

Routing indices based search [29]

H pébodoc auth powdler mohd pe tnv pébodo Directed BFS and intelligent search [12].
Evé n intelligent search Poaciletal oe otatiotixd nponyouuévwy epwTtRoewy Yo Vo eTAEEEL
T0 unocUvoho mou Oa mpowbnbel to urvuua, n routing indices anobnxedel TAnpoopies wg
Tpog Ta Béuata 1) Tov aplBud Tov apyelwy mou QuAdooel o xdbe yeltovac. "Etol v uébodog
auth tawpldlel oe avalntioels ws npog to mepleyduevo (content search queries) avti yua
avalntioelg wg mpog xdnoto filename. Ta apyela unopolyv va avixouv oe mapandve amd
éva topic xou xdfe x6uPog puldooel thnpogopiec (keywords) ta duxd tou apyeia. 'Etol oe
xdmnota avalRitnon emhéyovian or m xokdtepot yeltoves. Kahol yeltoveg Oewpolvtar autol

Tov €youv apyela UE topics xoVTd wg TEog autd Tou avalnTdue 1) €xouv TOANG apyela.

Adaptive probabilistic search [30, 31]

Yy pébodo auth unobétouye 6TL anolnxedovton avtixeiyeva oto dixtuo ue ulo cuyxe-
xpwévn xatavour. O akyodplbuoc Baciletoar otov k-walker random walk and probabilistic
forwarding. O xd&6e x6ufog npowlel Tov uRvuua otov yeltova ue Ty yeyahitepn mbavotnta

va anavtioet. H mbavétnta autr) utoloyiletan ye Bdorn mponyolueva queries xat avoved-
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vetow Ue Bdon to anotéheoua Tou Twptvol query (av 1 avalitnon fray Betxd n nbavétnta

QUEAVETOL EVE oY ATMETUYE UELDVETOL).

[Mo va emAéEovue tov xatdhhnio yeltova, xdbe xéufog @uAdel éva evpetrplo ue Toug yel-
z 4 z 4 z z 4 z : !

TOVEC TOU. XTo eupeThpLo xdbe yeltova undpyetl éva supetrplo yia xdbe object yix To omolo

epwtONxe xou mpowbnoe oe autdv. H Tiwn oto evpetiplo avarapiotd v mbavoétnta va

Tpowlcouue To query yla To ouyxexpluévo object oTov cuyxeExpUEVO YelTOVA.

Apyxd 6heg oL mbavodtnteg elvon dieg xat o x6ufog mou Ha tpowbnbel To urvuua emkéyeTar
14 14 /4 4 z e /. /. ’
tuyato.  Av elvon emtuynig 1 avalitnon n mbavétnta auédvetar arlde petdvetal. Etot
olyd olyd unopolue va Bpolue Tolol elval oL To xahol YELTOVES Ylal VoL [aG ATAYTAGOUY GTO

ouyxexpluévo object query.

Dominating set based search [32]

Yy uébodo auty) emhéyetan évag aplBude and xéuBoug bote va @ridouv éva connected
dominating set (CDS). 'Eva CDS oe éva P2P 3ixtuo elvan éva unoovoro twv x6ufwy tou
ouvdéovtan dueca Petagl Tou. ‘Olol oL dAlol xbufol €xyouv ToUAdYLOTOV €va YElTOVA GTO
CDS. H avalrtnon emtuyydvetal pe éva tuyato mepmdtnua ndvew oto dominating set. H
xatooxeur] Tou dominating set xataoxevdleton ubvo pe tomuxy tAnpogopia (2-hop) énwcg

€dellav oto [32].

H avalmnon yivetow wg e€nc. Av o xbufog avalntnong dev elvon oto dominating set,
Tpowlel To uRvuud tou oe évav dominating yeitova. O x6ufog oto dominating set {dyvet
otny tomixy) Bdon Sedouévmy o av dev Beel andvinon nponbel To uRvuua otoug yeltovég
tou. Ou yelroveg mou elvar 6to dominating set Ha mpowbroouv mapanépa Tnv TANEogopia

4 /7 ré ré Ié ré
eve ol utéloirol anhd Oa PdEouy Tomxd Yo andvInom.

H opydvwon tng uebdédov autrc toupldlel o8 cuoTAUATA oL €YOUV Super peers OTw¢ TO

kazaa xat To morpheus.
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A.2 Mobile ad-hoc networks

Toa mobile ad-hoc dixtua (MANETS) anotehobvtar and aclpuatous xéuBoug mou emxot-
’ 4 4 Ié /4 /4 4 ’
vovoly Petadl Toug ywpels xdnowa otabepr) Suxtuoaxr urodoun. Xpenoiwwonololvial oe xo-
TAOTACELS XATACTPOYPY|G, o€ Tedla wdyng, oe cuvédpla, xaL €youvv xeviploel To evdlapépoy
Ta tehevTaio ypbvia xuplng Ye Ty xpfion Ty dixtdwy and aviyveutéc (sensor networks).
Tétowx dixtua elvar mOavéd va vhononBoldy 6To dUEGO UEANOY UE GTOYO VO XATAYPAPOUY XAl
va eAEyyouv To Quoxd TepBdAlov ot anouaxpuoUEveg Teployés. Me to va SuxTudoouue
AUTOUE TOUG AVLYVEUTES, ETLTUYYAVOUUE axplBECTERT XATAYPAPY| TNG TANpoYoplag UEsw TNg
’ 4 ré ’ z ’ Ié /7
ouvepyaotoag uetadl toug. MntpomoAitind dixtua €youv avantuybel oe xdnoleg AN xen-

OLUOTIOLOVTAC XEPAULIES OTLS OPOPES TWV XTNELWY WS EVAL EVAAAAXTIXG ACUPUATO dIXTUO.

Yt ad-hoc dixtua, aclpuatol x6ufol emxolvmYoly UeTAy TOug Aol dev LTAEYEL dAAN
/7 /7 /7 ! ’ ’ Ve 4 / /7
otabepn Suxtuoxr utodouy. (g ent To TAeloTwY, T dixTUa AVTE amoTEAOVVTAL ATd OUOTIUOUG
%x6P0oL ToL ETXOLVLVOUY AGUPUIATA YWElg XATOLOY XEVTELXOTONUEVO EAeYYO. 2Ta AcUpUaTd
dixtua 1 emxotvmvia uetadd 3o xouBwy uropel var yivel an’eubelag udvo av ot Yo xdufol

’ /7 ’ 4 4 ré z ’ /7 /7 z
elval evtog epfelelag Tou aolpuatou e€omhiouov. Av xdti Tétolo dev elvan Suvatd TOTE TPENEL
va yiver emxowvevia ypnowuoroidvrac evdidueoovs xdufouc (multi-hop communication).
Avuty| elvonw xou 1 Baowcdtepn Sagopd pe ta P2P Sixtua 6mou duo xéufol Bewpodue ot

UTOPOVY Vol eTXOLVOVY oLV aneubelag uéow tou internet.

’ 4 4 /4 4 z 7z ! .

Eva anodexté poviého yio Ty Oewpentinn uerétn tétolwy Sixtiny elval To unit graph model:
3o x6uPol A xou B cuvdéovtar ndvta dtay 1 andotacn toug elvon wixpdtepn and R, émov R
4 4 z z /7 z z 4 4 r 2 /7
elvon 1 axtiva yetddoone. To povtélo autd xdvel tohhéc unobéaels agol Bewpel dTL dhoL oL
x6uPol £xyouy v dla euPéletar R, 6TL dev undpyouv eunddia (uno-ypdgol Tou unit-graph),
6L Sev undpyouv xatevbuvtinég xepaleg (oTNV TEEEN unopel va uny ocuvdeduaote pe Ghoug
Toug xouPBoug mou elvan péoa ot plo axtiva aAAd udvo oe dooUS Elval UTPOCTA LIS YLo
Topddelyua). ‘Ouwg elvon xow o wovadixd poviého mou peletdtar otny Bihoypapia. To

oyfua A.11 pag delyver éva mapddetyua evdg TéTolou Ypdgou e TNy doouévn axtiva R.

A.2.1 Tlapadetypata MANET
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AKTiva

Yynua A.11: To povtélo unit graph: Kdfe x6uPBog nou Beloxeton oe andotaon uixpdtepn

e axTivag ouvdéeTal

Alixtua aviyveutdv (Sensor networks) [33]

! Ié 4 ’ Ve ! 4
Ta dixtua autd, xarodvto enlong VBpWdixd ad-hoc dixtua, yenowonolovvtal yio va GUA-
Aéyouy dedouéva Omwe Oepuoxpacta, aviyvevorn ymuxdy, xivnon xth. Ilpdxeitar yio éva
dIXTUO ATH AVLYVEVLTES IOV ETUXOLVOYVOUY UETAE) TOUS UE GTOYO YO GUVERYAGTOUY (GTE VA

avtalhd&ouy TAnpogopieg xat vor eEdyouy €va GUUTEPAOUAL.

Mrtponohittixd dixtua [34, 35, 36]
Mepuxd Sixtua ouvdéovtat ue otabepy| utodour| yenoueoroldvtag wireless access points. '
Tapddelyua, UTopel vo @TIayTEl Eva TAEYUa and xepaleg O TapdToes xTlplwy e 6TdY0o TNV

’ /7 7 z 4 ! /7
dnutovpyla evog evahhoxtinol, Swpeedy, SXTIOU THVY XATOXWY ULag TOANS.

Aixtua oynudtoy [34, 35, 36]

Ta oyfuata oe évav dpduo unopolv va dnutovpyrioouy éva ad-hoc dixtuo ue otdyo va
xataypdouy TAnpoopleg Yial TO XUXAOPOELAXS, VO TANEOPOEHIGOLY YLa TOAVE ATUYHUATA
x.o. To xd0e dynua urnopel Yo mopdderyuo 6Tay aviyveloel €va xuxAopoplaxd TEOBANUA Vo
ueTadHoeL o OAa Tar oY UaTa EVTOS eUfENeLas TNV TANpogopla xat exelva vo Ty Tpowbncouy

TEATERAL.
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MpwTt6ékKoAAa dpopoAdynong o€ diktua ad-hoc
|
! v !

ETritredn lepapxikry MewypagiKn
SpopoAdynon dpopoAdynon SpopoASynon
|
' i
Proactive Reactive
! !

FSLS OLSR TBRPF AODV DSR HSR CGSR ZRP LANMAR GeoCast LAR DREAM GPSR

Yyfua A.12: Katnyopiec tpwtoxéMov dpouohéynone oe MANET (ad-hoc routing proto-

cols)

Trhepovixd dixtua [37]
Ta multihop dixtua xwvithg TAepwvlag éyouv mpotalel mpdopata wg €vag evahhaxTixdg
TPOTOG ETUXOLVWVIAG OE XATAGTAGELS OTOL UTdEYOLY TOAAOL PV OTES OE TEPLOPLOUE YY) TEPLOY Y]

OTLS Yol TOPASELYUA EVAL GTABLO.

Puowd undpyouy exatovtddes dhAes ypnoels Twy cuotnudtwy MANET.

A.2.2 Apopoléynor oe ad-hoc networks (routing)

Elvon gavepd 61t Aoyw tng multi-hop emuxoivwviag, To Bacuxd npdBinua mouv xohelton va
’ Ié ’ 7 /7 4 /7 z /7
avtueTwnioel xdnolog oe ad-hoc dixtua elvan 1 Spouordynon TV TaxETwy and évayv x6ufo
oe évayv dhho. Ymdpyer moAy epeuvnuixy) Sovleia YUpw and to Oéua mou cuvodiletar oTa
surveys [38, 39]. O Xiaoyan Hong ywpilel o mpomtdéxola autd ot tpelc Baoixéc xatnyopleg

onwe atveTtal xat 6To oyfua A.12

e Flat routing: 'Olot ov xéufor elvar to (Blo xau dev ypnoulonoteltal YEWYPAPLXT

TAnpoQoplaL.

— Proactive: Yndpye. xdnowa background ninpogopia mou agopd o routing. Ou

x6ufoL GUAAEYOLY TANPoQOopiec and TaALdTERES SPOUONOYHOELS XAl TG XPAUTAVE
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oe xdnola 3don dedouévwy yia va Spouoloyrioouy Tig endueves. Aev €youue

(ouvifuwc) Sapopetixt| dtadpounr xdhe popd Tou LTdEYEL Wi ETLXOLVLVLL.

— Reactive: On demand route aval¥tnon yia xdbe emxolvemvia.

e Hierarchical routing: undpyouv xdmnolol edixol x6uPol 6to dixtuo mou avahouBd-

vouv va Bonfoidv 1 va xdvouy to routing.

e Geographic positioning assisted routing: vndpyet xdnotog GPS receiver oe xd0e

x6ufo. H yewypapuer mhnpogopla Bonddel oto routing.

A.2.2.1 Flat routing Proactive ahydpLOuot

FSR (Fisheye State Routing)

Avtalldooel meplodind dAeg Tig routing mAnpogopleg mou €yel amobnxeuuéveg ue Toug Yel-
tovec. H ovyvémnta yetddoong autdy tomv TAnpogopldy e€apTdtol and Ty andcTacy) TwY
%x6uPBwy (hop-distance). 'Etou routes yio paxpivoic xéufouc yetadidovtar otous yeltoveg

Ay6TERO GLYVE.

OLSR (Optimized Link State Routing)

O ahydpifuog autdc mpoomalel var apatpéoel UeptxoUs and Toug YELTOVES Tou Tou dev Ypeld-
Covton oto routing yia va ano@iyel enavouetaddoelg.. Kdnotog xéufog pabatver and toug
yeltoveg Tou 6houg toug 2hop yeltoveg xou uetd vnoloyilel To minimum set 1-hop t x6ufwv
Tou €Y0LV 0 YelToveg 6Aoug Toug 2-hop xouBoug. Oa emxolvwvel udvo ue avtols yia TO
routing amé exel xou mépa. Tawptdlel oe muxvd dixtua agol oo MPR xéufol Ha elvo Alyot
eve oe apoud dixtua xdbe x6uBocg o hapBdver uépog oto routing ondte o alydplbuog yivetan

Lo0B3VVAUOG UE TOV TEOTYOUUEVO.

TBRPF (Topology Broadcast Based on Reverse Path Forwarding)
Arnoteheltar and d0o uépn: to Y€pog TNng avaxdiudng Yeltévwy xau To routing uépog. Mto
TpGTO U€pog, oTéhvovtal unvouata hello mou avagépouy ahhayég otoug yeltoveg. Xuhhéyo-

VTaL TOTUXES TANEOQOPLES YL TNV TOTOAOYIA xou QTIAYVETAL €V TOTUXS OXEAETLXS BEVTPO UE
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To. minimum-hop paths. To routing yilvetau ypnowwonowdvtog avtols Toug xéufBoug ubvo.

Update otéhvouue uévo av ot ahhayég emnpedlouy to 3¢vTpo autd.

A.2.2.2 Flat routing On demand aAydpLOuot

AODV (Ad Hoc On-demand Distance Vector routing)

Xenoworotel v évvola Tou backward learning: Me to mou AdBouue éva query, o xéufBog
uetdPBaonc yabaiver xar anobnxedel To route and v mnyH wg autdy. 'Etor yabalvel ovyd
ouyd routes yia x6uBoug tou dixtvou. Av xdmotog xéufog €xel To route Yyl TOV TPOOELOUS

OTEAVEL TNV ATAVINOY Xat dev Tpowlel To unvuua Tapanépa.

DSR (Dynamic Source Routing)
Xy epidnom xdbe evdidueoog xéufog tpocshétel TAnpogopla Yo TOV EAUTS TOL GTO TAXETO.
Koatd v andvinorn to maxéto emotpépeton ue TNy avtibetn gopd xow 6Aol ol xéufol xdvouy

cache Ttig TAnpogoplieg yla Ta routes mou TpoXUTTOLY.

A.2.2.3 Iepapyixr dponordynon

‘Otav 10 Yéyebog tou dixtdou avidvetar mohv, to flat routing ylvetow aclugopo. H te-
papyen Spouordynon Paciletar 6TnY 0pYdvwon twv x6uBwy o ouddeg xal otny avdbeon
SLAUPOPETIXMDY AELTOVPYLAY Yla pYAOLEC TOU APoPOUY ECMTEPIXES 1) eEwTEpXES UTODETELS TNg

ouddac.

CGSR (Clusterhead-Gateway Switch Routing)

Xopllet to dixtuo oe clusters xar oe %&be cluster opileton évag emxepaing. Kdbe x6uBog
Tou avixel oe dVo N xou Tapandve clusters ovoudletar gateway. ‘Otav évag xdéuBog AdPBel
%4TOL0 UNVLUA TO TPOwDEl GTOV EMXEPAAY| Xdl eXElVOS YVWlleL av avixel 0To 8ixd Tou
cluster 7 6yt. Av dev avixel T6Te €xel routes ylo To gateway mou Oa To oTElAelL BoTE VAL

napwinbel oto emduevo cluster.
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HSR (Hierarchical State Routing)
[Mapéuoro ye to CGSR, uévo mou undpyouv teldy 8y xdéuPol: cluster heads, gateways,
and internal nodes. IIAéov undpyouv ToAaTAd enineda xa oL emxepaielc xdnoloL EMTESOL

7 /7 z / z
elvar x6ufol Tou auéons LYnAdTEPOL EMLTESOL.

ZRP (Zone Routing Protocol)
[Mpbxettar yio €va LBEWXS TpwTdxoAho Tou cuvdudlel proactive xou on-demand routing.
Ou x6ufot ywetlovtal ot {dveg xou ecntepxd tng {OVNS yenowwonoloue proactive routing

(routing tables) evé yia enuxotvwvia petald Lwvdy yenowonotolue on-demand routing.

LANMAR (Landmark Ad Hoc Routing Protocol)
[Topbuoio ye 1o ZRP pévo mou 1o xdbe group €yel uio onuadovpa Tou Yenoldelel GTo
va aviyveubet n 6éon oAdxinpou tou group. H pébodog auth elvan yprown étav €youue

HEZ‘EO(KLV'I{]GSLC og groups.

A.2.2.4 Geographic Position Information Assisted Routing

Geocast

Xpenowwornotel cuyxexplUévn YewYpapLx TAnpogopla yia va xafoploel Tov npooploud. Yrdp-
¥eL évac eldxde (centralized) vrohoylothc mov eivon unelBuvog var AapBdvel xor vor 6TéNvel
autég Tig Thnpogopies (GeoHost). O GeoHost elvat utelBuvog xat 6To vo GTENVEL ToL TaXETA
otov xatdhAnhoGeoRouter. T'a xalOtepn Swayelpion To Sixtuo e&umnpeteitoan and nolhoic

GeoRouters nou elvau tepapyind exheyuévol xau xdbe GeoRouter avalouBdvel va e&unnpe-

THOEL Lol GUYXEXPUIEVT] YEWYQRAPLXT| TEQLOYY).

LAR (Location-Aided Routing)
O LAR ypnowornotel yewypapuxn mTAngogopla Yo vo Teploploel Tov yopeo avalitnons evog
véou route oe ula uxpdtepn (ovn. Moidlel ue Tov DSR: ypnoiwwonotel tnv évvola Tou limited

flooding. Apywxd urohoyiler Tnv xuxhuxt| neployy mou unopel va elvon o npooploude (m.y.
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118 Enuoxénnon duxtiwy Peer-To-Peer xaw Ad-Hoc

/7 z z / ! /7 z z Z
and v nakd tou Béon xou Ty andotaon Tou elvan Suvatdy va didvuoe). Katd tyv didpxeia
tou flooding to unvupa tpowbeitar uévo and xéufoug mou elvon péca 6TO TETPAYWVO TOUL
4 4 7 z /. z 4 14
opllel autdg 0 xUxhog xaL 0 x6UPog NG epdTNoNg. Evadlaxtind, To upvuua tpowbeiton oe

xdmoLo yeltova uévo av o elval o xovtd oTov npooploud (8ev Tdue TPOg Ta THOW).

DREAM (Distance Routing Effect Algorithm for Mobility)

Kdbe x6ufog xpatdel éva location table yia 6houg Toug xbéuBoug. Ntéhvovtal control pack-
ets oyxetxd ue tig véeg Béoeic Twv xOUPwy avd taxtd ypeovixd dwothuata. H cuyvotnta
mou otéhvovtal autd to updates eCaptdton and dbo napauétpoug. Distance effect, 6co pe-
yohOtepn elvon 1 andotacn mov ywellel 8Vo xéufBoug 1600 apaldTeEpa GTEAVOVTAL AUTY Ta
unvopata. Mobility rate: éco mo ypryopa xiveltan évac xéufog 1660 Mo GuYVE TEENEL Vo

Stapnuiler Ty véa tou Béom.

GPSR (Greedy Perimeter Stateless Routing)

Xpenowonotel udévo tomxy| TANpogopla yla Toug YELTOVES TOL Yla Vo Tpowbnoel To urvuua.
Kdébe @opd mou évag xéuPog uetaxiveltar, evnuepdvel ubdvo Toug YelToveg TOU XJTL TOUL
onualvel wxpn 1-hop emxotvwvia. To unvouata npowboldvtal yenowwonoidvrag uebddoug
greedy forwarding: xd&be @opd mpowbolue to urfvupa otov yeltova mou elvar mo xovtd
oTov mpooploud. Av anotiyel auty 1 daduxacia yenowwonolel perimeter-forwarding yenot-
MOTIOLOVTAS TOV xavova Tou de&lod yeplol: xdbe xéuBog Tpowbel To uivuua otov delldtepo
yeltova Tou Tov duwS elvan apLotepd and TNy subela Tou opllel N TNYY| Ue TOV TPOOELOUS UE

AMOTEAECUA VO XLVOUUNOTE TEQLUETPIXA TNG eubelag.
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[Topdetnua B

Evpetriplo vhonolnong

B.1 Ouddeg ocuvapticewmy

[ Ty Steuxdiuvon tou simulation, ol cuvapTHoels ywplotnxay oe Tévte ouddeg avdloya

ue TNV gpyaocia mou emteAoVyY. Axohoubel 1 AloTta SAwV TwV ouddwy:

Mapduetpol Tou simulation . . . . . . ... ... o oL 121
Kataoxeur) tou ouvdedeuévou ypdipou. . . . . ..o Lo 128
YUVAPTACELS OTUTLOTIXNMY .« .+« o o v v v e v e e e e e et e e e e e 137
YUVTOVIOUOE Xal auTopaTonoinon TS e€oUolwong. . . . . . . . . . .. 148
YUVAPTACELS oL aPopovY TNy eouoiwon Twy akyoplBuwy. . . . . . . . . ... .. 159

B.2 Aouéc Acdouévmyv

Axoloubfolv ot douég dedouévwy ypnolwwonotobvtal otov simulator ye cUvtoueg meplypo-

péc:

agent_t (H Souy mou mepiéyel dhec Tic mhnpogopiec mov ypeidleton évag agent ) . . 179
flood_cache_t (Aoun cuvdedeuévng Motag. Xpnowwonotelto yiot Toug XATaAGYOUS

snooping, inverted cache ot ywa ta replicas. ) . . ... ... L. 185



120 Evpetripro vhonoineng

B.3 Alota Apyelowv

Axolovbel pia Aota AWV TV apyelwy Ue cUVTOUES TEpLYPAPES:

globals.h (Ilepiéyet éhec Tic global yetafintéc nou yenotwonotodvtal 6Tov simu-

lator ) . . . . 189
inverted_cache.c (Xvvaptioeic nou ypeidlovton yio tov alybplfuo inverted cache )199
MAail.C . . . . . . . ... e 200

net_funcs.c (To apyeio avtd meptéyel cLVaPTAGELS TOL APOPOUY TNV XATAOXELY

XL TNV ouYTHENoN Tou duxtiov Twy agents ) . . .. ... L L 206
pull.c (Xuvaptioeig tou ypetdlovtan yio tov ahybptbuo pull ) . ..o oL L L 207
push.c (Zvvaptioeic mou ypeidlovton yia tov akybplfuo push ) . . . .. oL L. 208
replication.c (Xuvaptioeic Tou agopoly Tov YepLoUd TV AVILYpdPwy ) . . . . . 209
simulation.c (Ilepéyel Tic ouvapThoels Tou evopynotedvouy to simulation ) . . . 210
snooping_funcs.c (Xuvoptioelg nou ypetdlovtat yio To snooping ) . . . . . .. . 211

statistics.c (Ilepiéyel ouvaptioeig mov Bonfody oTny CUYXEVTPWOT), TOV UTONOYL-

4 /4 /.
oud xat TNV amoBAXEVOT OTATIOTNADY ) .+ o . o v o v e e 212
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[Topdptnua C

Texunplwon wovadwy

C.1 IIopdpetpol Tou simulation

Mrnopotue va e€ououdoouue omolodnrote cuvduaoud Twy uedddwy push xou pull mou mepl-
Yedaue oto xe@dhato 5. Mta melpdUaTd pag unopolue va uetafBdlovue xdbe mopdueTpo
Tou enneedlel TNy anddoor xdbe alyoplbuov GOTE Vo EXTIUNCOUUE TIG EMNTACELS TNG GTO

oVotnua. O napduetpol autol elval:
/7 /7 7z
o O apBudeg Ty Tpaxtépwy 6TO CUCTNUA.
e To uéyebog tng cache K
Z z 4 /7 z z z
e Tov eAdyloTo, uéyloto xau U€oo apliud resources mou xatéyel xdle mpdxtopag.

/7 /. z ! 7 I4 !
e Trv xatavour v dnuoguldy resources (ndoeg eivat, n6c0 no dnuogueic elvat).

Trv mbavétnta va uetaxivnel xdnolog agent oe xdbe YOpo Ppope.

Trv mbavétnta va yenoluonolnoet €va resource P..

I tov akybptbuo teeming with decay mou yenowwonoteiton oto push/pull (xeg. 3.4)
H mapduetpog decay d

To uéyioto Baboc TTL

T tov alydptbuo push pe xatahdyoug snooping (xeg. 5.3.2)
Expiration time otov xatdhoyo snooping.

ITeplodog tou periodic pulling.



122 Texpnelwon wovadwy

e T tov alybpfuo Inverted cache push/pull pe leasing
O ypdvog tou lease mou exdidel o WLoxtTNg TN unneeoiag.

H mbavétnra va yivelr avavéwon n plobwon mewy Aret.

IMopaxdtew axolovboly Ta ovéuaTa Xal Ol TEPLYPaPr) TV UETABANTOV GTOV XO3IXa TOL
e€WUOLWTY.
MeTafAnTég

e float exp_time

O ypdvog oe turns otov onolo Afjyel To snooping entry.

e int algorithm

O alybpibuoc mou ypnowuomoteltar quTii TRV CTLYUY.

e double p_change

IIifavotpra va yiver addayrj otyv cache xdnowu agent oe xdbe yUpo.

e float p_move

IiGavornra va uetaavplbel évac agent o xdabe yUpo.

e double p_pull

II.Bavétyra va extedéoovue on-demand pull oe xdbe yUpo.

e int use_replication

Av Oa yonowuoroinbel replication 1 éyt.

e int replica_time

IIé00 ypdvo Oa xpatdue ta replicas.

e double p_replicate
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C.1 INTapdpetpotl Tov simulation 123

H mbavorpra va xdvouue replicate oe ovyxexpiuévo xdupfo touv path.

e int maximum level

To uéyoto Bdboc tou push.

e int maximum pull level

To uéytoto Bdbog tov pull.

e float decay_par

H rapduetpoc decay.

e int do_pull

Av Oa yivovtar on-demand pulls.

e int pull_decay_par

To decay xatd to pull.

e float replace_prob

H mifavornra va mpoBolue oe avixatdotacy oe xdbe yUpo.

Texpnplwon MetafBAnTdY
C.1.0.5 int algorithm

O aAyobplbuog mou yenoluwonoteitar auTy TNV TLYUN.
Hoaipvel Twwéc tou enum alg_types(oe). 197). Optoude otn yeauud 17 tou apyeiou main.c.

Avagopd ané initialize(), pull algorithm(), push_to_network(), set_simulation_parameters(),

xat simulation().
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C.1.0.6 float decay_par

H nopduetpog decay.
Optoude otn ypouun 95 tou apyelov main.c.

Avagopd and push_to network(), xou set_simulation_parameters().

C.1.0.7 int do_pull

Av Ba yivovtatr on-demand pulls.
Optoude ot ypauun 96 tou apyelov main.c.

Avagopd and set_simulation_parameters().

C.1.0.8 float exp_time

O ypdvoc oe turns oTov onolo Afjyel To snooping entry.
Optoude ot ypouurn 15 tou apyelov main.c.

Avogopd ané initialize(), push_to network(), set_simulation_parameters(), xau validate.-

agents_cache().

C.1.0.9 int maximum level

To uéywoto Babog tou push.
Optoude otn ypouun 93 tou apyelov main.c.

Avagopd ané push_tonetwork(), set_simulation parameters(), simulation(), xou stats._-

initialize round().
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C.1.0.10 int maximum pull level

To péyioto Bdbog Tou pull.
Optoudc ot yeouurn 94 tou apyelov main.c.

Avagopd ané initialize stats(), pull_algorithm(), set_simulation parameters(), stats_-

finalize round(), xou stats_initialize round().

C.1.0.11 double p_change

ITBavéTTa v yivel alhayy) oty cache xdnowou agent oe xd0e yipo.
Optoudg ot yeauurn 20 tou apyelov main.c.

C.1.0.12 float p_move

[MBavétnTa va petaxivnbel évag agent oe xdbe yipo.
Optoudc ot yeouur 21 tou apyelov main.c.
Avagopd arnd set_simulation_parameters(), xouw simulation().

C.1.0.13 double p_pull

[MbavétnTa v exteléoovue on-demand pull oe xdbe yipo.
Optoude ot yeouurn 22 tou apyelov main.c.

Avagopd and set_simulation parameters(), xouw simulation().

C.1.0.14 double p_replicate

H mBavétnra va xdvouue replicate oe cuyxexpiuévo xéufo Tou path.
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Optoude ot ypauuy| 90 tou apyelov main.c.

Avagopd ané pull algorithm(), xou set_simulation_parameters().

C.1.0.15 int pull_decay_par

To decay xatéd to pull.
Optoude ot ypauuy| 97 tou apyelov main.c.

Avagopd ané pull algorithm(), xou set_simulation_parameters().

C.1.0.16 float replace_prob

H mbavétnta va npofolue oe avixatdotaon oe xdbe yipo.
Optoude ot ypauuy| 99 tou apyelov main.c.

Avagopd and set_simulation_parameters(), xou simulation().

C.1.0.17 int replica_time

II660 ypbdvo Oa xpatdue Ta replicas.
Optoude otn ypouun 89 tou apyelov main.c.

Avagopd ané pull algorithm(), xou set_simulation_parameters().

C.1.0.18 int use_replication

Av Ba yenowonownbet replication ¥ 6xt.

Optoude otn ypouurn 88 tou apyelov main.c.
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Avagopd ané initialize(), pull algorithm(), push_to_network(), set_simulation_parameters(),

xat simulation().
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C.2 Koataoxeur) Tou cuvdedeuévou yedgov.

Yty eopolnon auth apyxd dnutovpyoldue €vay 8ixtuo and and npdxtopec. Kdbe npdxto-
pac xatéyet évav aplfub and unnpeoiec (resources) Tic omoleg uolpdletar ye Toug GAROUC.
Mua unnpeota unopet va Bpebel oe évav uévo agent aAAd évag agent unopel vo xatéyetl mo-
z /7 4 4 Z z 4 z, 4
pandve and ulo utnpeoiec. EmnAéov, xdle npdxtopag €xel cache otabepol peyéboug k mou
Vé 4 /. — Vé ! 4 Vé 7
puAdooel dlevBivoelg utneecldy. Zexivdue Ty e€ouolwon Tou dixtdou PTdyvovTag Evay
’ z 4 z z 4 I4 ! 4
Tuyato Ypdgpo ocuvdéoewv: xdbe mpdxtopag emiéyel k unnpeoieg tuyala xal Tig TpochHitel
otnyv cache tou. T va mpooeyyioouvue meploadTepo éva mpaypatind P2Pdixtuo, xdmnoteg
14 ! ! /7 z /, 4 !
unneeoieg elvan mo dnuoguielc and dhhec. Mropolue oTic mapauétpoug g eCouolwong va
oploovye to mdoeg elvan oL dnuogukelc umnpeaieg xaL To T6GO dnuopuAnc elvar 1 x&be umn-
peotla 1) v oploouue Uia xatavour. Apywxd, ol eyypagés oTig cache twv mpaxtépwy TouL

8 ’ ’ /)\ 2 ’ 7 7 2 9 )\/ 7 9 8,
LXTUOV ELVAL OAEQ EYHUPEC. Etou E€KLVO(H€ ATO VAU ~ XUANS TOLOTNTAC LXTVO.

E8¢ OBa Beeite Tig ouvaptioelg ot UETABANTES Tou €youv wg o6Téyo TNV dnulovpyla xat

apyxomoinom Tou Ypdpou Twy agents.

YuvapTioEeLg

e int ran (double probability)

Yuvdptnon nov emiotpéper 1 ue Soouévy mbavéTyra.

void print_G ()

Turdver Tov yedgo twv agent.

void initialize ()

Apyixomoel tov yedgo.

void destroy_graph ()

Kataotpéper tov ypdgo twv agent (free memory).

void print_graph stats ()
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C.2 Kataoxeur] Tou cuvdedepévou ypdgou. 129

Turdver oTATIOTIXE YA TOV YPAPO UOC.

e void print _lists (int cur_round)

Turdver Alotec ue yeltovee yia xdfe agent.

MeTafAntéc

o int K

To uéyefoc tne cache.

e float per_cache

To mocooté twv agent mou urdpyovy otyv cache.To K mpoxUnter and avtd.

e float percentage_of popular_agents

To rnoocooté twv agent mou elvar Snuopnlelc.

e float popularity
To néoo Snuopnleic eivar ou Snuopnielc agents.

Texpnplwon Xuvapthoewy
C.2.0.19 void destroy_graph ()

Kataotpépel Tov ypdgo twv agent (free memory).
Optouds ot yeouur 109 tou apyelov net_funcs.c.
References agents, xat num_agents.

Avagopd ané batch_run().
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110 {

111 int i;

112 for (i = 0; i < num_agents; i++) {
113

114 free(agents[i] .cache);

115 free(agents[i] .known_location) ;
116 }

117 }

C.2.0.20 void initialize ()

Apyuxonotel tov ypdgo.

Aeopelel uviun v xdle agent xou apyixomotlel Tig Tég. Yuvdéel Tuyala Tov Yedpo Balo-
vtag ot caches udvo valid dedouéva. ‘Av €youue simulation pe replicas ¢Tidyvel avtduata

éva oOvoho amd apywxd replicas Opioude ot ypauun 45 Tou apyeilouv net_funcs.c.

References add_to_cache(), agents, algorithm, agent_t::cache, exp_time, agent_t::f cache_-
head, agent_t::f cache size, agent_t::f cache tail, K, agent_t::known_location, LEASING,
agent_t::location, num _agents, per_cache, percentage of _popular_agents, popularity, agent -
t::popularity, pull algorithm(), pull level found, ran(), agent_t::time_to_validate, xou use -

replication.

Avagopd and batch_run().

46 {

a7 int i, j, k;

48 float total_prob = 0.0; /* keep here the sum of the probabilities */
49

50 srand (time (NULL)) ;

51

52

53

54 K = ((float) num_agents * per_cache);
55 if (K == 0)

56 K=1;

57

58

59 for (i = 0; i < num_agents; i++) {
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60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

agents[i].cache = (int *) malloc(sizeof (int) * K);
agents[i] .known_location = (int *) malloc(sizeof (int) * K);
agents[i].location = 1;

agents[i].f_cache_head = NULL;

NULL;

agents[i].f_cache_size = 0;

agents[i].f_cache_tail

agents[i] .time_to_validate =
exp_time * ((float) rand() / RAND_MAX);

if (ran(percentage_of_popular_agents))
agents[i] .popularity = popularity;
else

agents[i] .popularity = 1.0;

total_prob += agents[i].popularity;

for (i = 0; i < num_agents; i++) {

k = 0;
while (k < K) {
agents[i] .known_location[k] = 1;

agents[i].cache[k] = num_agents * rand() / RAND_MAX;

if (ran
(((float) agents[agents[i].cachel[k]].popularity /
total_prob))) {
if (algorithm == LEASING) {
add_to_cache(agents[i].cache[k], exp_time, i, 1);

k++;

}
if (use_replication)
for (i = 0; i < num_agents; i++)
for (k = 0; k < K; k++)
if (ran(0.3)) {
pull_level_found = -1;
pull_algorithm(i, 1, agents[i].cache[k], 0);
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103 }
104 }

C.2.0.21 void print_G ()

Tundvel Tov Ypdgo twv agent.
Optoude otn ypouun 24 tou apyelov net_funcs.c.

References agents, K, xat num_agents.

25 {

26 int i, j, k = 0;

27

28

29 for (i = 0; i < num_agents; i++) {
30 printf ("%d knows\n", i);

31 for (j = 0; j <K; j+t) {

32 printf("%d ", agents[i].cache[jl);
33

34 }

35 printf ("\n\n");

36 }

37 }

C.2.0.22 void print_graph stats ()

Tundver oTaTIoTIXd Yot TOV YRAPO UAS.

Tundvel TAnpogopieg dnwe tov Pabuéd (rank) x&be xéuBov, to ntdoo dnuopihic elvar xTh...

Optoude ot ypouun 124 tou apyelou net_funcs.c.
References agents, agent_t::cache, inv_cache_percentage, K, xat num_agents.

Avagopd and batch_run().

125 {
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126 int i, j;

127 int rank[num_agents];

128 int max = 0;

129 int av = 0;

130

131

132 int av_pop = 0;

133 int num_pop = O;

134

135 int av_non_pop = O;

136 int num_non_pop = O;

137

138 for (i = 0; i < num_agents; i++)

139 rank[i] = 0;

140

141 for (i = 0; i < num_agents; i++)

142 for (j = 0; j < K; j++)

143 rank[agents[i].cache[j]1]++;

144

145

146 /*

147 for (i = 0 ; 1 < num_agents; i++){

148 printf("%d, pop = %f, agents = Jd\n"

,i, agents[i].popularity, rank[i]);

149 if (agents[i].popularity == 1) {

150 av_non_pop += rank[i];

151 num_non_pop++;

152 }

153 else {

154 av_pop += rank[i];

1565 num_pop++;

156 3

157 }

158 printf ("NON POPULAR %d->av = %f\nPOPULAR d->av = %f\n"
,um_non_pop
, (float)av_non_pop/num_non_pop
,num_pop, (float)av_pop/num_pop) ;

159 */

160 for (i = 0; i < num_agents; i++) {

161 if (rank[i] > max)

162 max = rank[i];

163 av += rank[i];

164 }
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165 av = av / num_agents;

166 printf ("MAX:%f AV:%f\n\n", max * inv_cache_percentage,
167 av * inv_cache_percentage) ;

168

169

170

171 }

C.2.0.23 void print_lists (int cur_round)

Tundver Moteg ue yeltoveg yia xdbe agent.

Iapduetpor:
cur_round o yUpog tou simulation mou eipacte Tdpa.
Optoude otn ypouun 177 tou apyelou net_funcs.c.

References agents, flood_cache_t::expire, agent t::f cache head, flood_cache, flood_cache -

t::next, xou num_agents.

178 {

179 int i;

180 flood_cache *p;

181

182 printf ("%d\n", cur_round);

183 for (i = 0; i < num_agents; i++) {
184 p = agents[i].f_cache_head;
185 printf("%d (%d) :", i, agents[i].f_cache_size);
186 while (p != NULL) {

187 printf ("%d->", p->expire);
188 P = p—>next;

189 }

190 printf("\n");

191 }

192

193

194 }
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C.2.0.24 int ran (double probability)

YuvdpTnor nou emoteéel 1 ye doouévrn mbavotnta.

Iapduetpor:
probability double. Me v mbavétnta auty| Oo emiotpagpet 1.

Eniotpépet:
Enotpégeton 1 v 0 ue mbavétnta probability.

Optouds ot ypouur 14 tou apyelov net_funcs.c.

Avagopd ané initialize(), move_inverted(), pull_algorithm(), push_to network(), xou simu-
lation().

15 {

16 if ((double) rand() / RAND_MAX <= probability)
17 return 1;

18 else

19 return 0;

20 }

Texunplwon MetafAntdHv
C.2.0.25 int K

To uéyebog tne cache.
Optouéde ot yeouurn 31 tou apyelov main.c.

Avagopd ané final consistency(), initialize(), move_inverted(), print_G(), print_graph -
stats(), pull_algorithm(), push_to_network(), replace(), simulation(), xou validate_agents_-
cache().
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C.2.0.26 float per_cache

To nocootéd Twv agent mou undpyouv otnv cache.To K mpoxidntel and autd.
Optoude otn ypouurn 32 tou apyelov main.c.

Avagopd ané initialize(), xou set_simulation_parameters().

C.2.0.27 float percentage of popular_agents

To nocootéd Twv agent mou elvan dnUopnAels.
Optoude ot ypauuy| 33 tou apyelov main.c.

Avagopd ané initialize(), xou set_simulation_parameters().

C.2.0.28 float popularity

To néoo dnuognheic elvar oL dnuognielc agents.

I1.X. av popularity = 2, Toug E€pouv 800 @opég neplocdtepol agents xata uéco 6po OpLoudg

oy Yeauuy 34 Tou apyeiou main.c.

Avagopd ané initialize(), xou set_simulation_parameters().
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C.3  XuvopThoels OTATLOTIXOY

Ot ouvaptioelc autég yenotuonolovvTol xata TNy didpxela Tng eCopolwong yia TNy e€aywymn
7’ z z 4 /4 7 4

%ol QUAAET ATOTEAEOUATOY AAAE XL OTO TENOG QUTAC YLA XOL TOV UTOAOYLOUS YPYOLUWY

otatiouxodyv otoyelov . Ta otatiouxd autd ypdgpoviar oe comma seperated files (.csv)

oL elvall XATIAANAAL YLOL TEOYEGUUATA OTTLXOTOIRoYS OTwg elvan To gnuplot xat To microsoft

excel.

Kot v dudpxeta tng e€opolnong, xpaToVUE GTATIOTIXA TTOU APOpOVY:
z z ! 7 ’ z
® TOV POETO UNYLUATOY Tou Tpoxakeltal and Toug ahyopibuoug push xau pull Eeywplotd
/7 4 z z 4

® T0 T0G0GT TNg cache mou elvon €yxupo oe xdbe Briua

z 4 4 z /7 . .
® T0 ehdyL0T0, U€CO xaL UEyloTo Uéyebog Ty xaTtaAdywy snooping xat inverted cache

7 4 /7 z z z z /7 z
e 10 1600 YpRyopa (oe néoa hops) gtdvel N evuépwon xatd uéoo 6po xatd to push
e néool mpdxtopeg pabaivouy oe xdfe hop v evnuépwon (oe néoouc agents @tdvel to

whvupe push oe x&0e BAua tou dévtpo (oyfua 3.2)

YuvapTHoELS

e float final consistency (int turn)

Yroloyilet o moocooté twv éyxupwy cache entries.

e void initialize stats ()

Apyixornotel ti¢c Soués xal ta apyela mov xpaToly T OTATIOTIXE OTNY APX).

e void stats_initialize round ()

Apyixornoiel Tic Souéc xat T apyela mov xpaToUy Ta OTATLOTIXE xdOE Popd TOU TP youue

to simulation yia Siapopetixij Ty oto range mov xiveltar n val_to_test(cel. 158).

e void stats_finalize round ()

Xvo téloc xdle simulation (téAoc twv turns(oel. 157)) yodypel ta otatiotixd ota apyela.
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MerafBAntég

e int messages

Koatd tov aptbué unvuudtoyv tov push usvo.

e int pull_messages

Kpatd tov aptbué unvuudtwy tov pull uévo.

e int pull_level found

Eb8é anobfnxevetar to Bdboc (oto path) oto onolo Beébnxe n nAnpopopla xatd to pull.

e int rep_messages

Mpyviuata nov ypeidotnxay yia cache replacement.

e int moves

ApiOudbe uetaxivijoewy mov éyvay xata tnv didpxeia tou simulation.

e int pulls

ApiGude pull mov éyvay xata tyv didpxeia tou simulation.

e int av_dir_size

Méoo uéyefoc snooping directory.

e int agents_inf at_each_level [max_flood_level]

Kpatder otatiotixd yia to néoot agents evyuepdtnxayv oe xdbe Bdboc touv push.

e int pull found at_each level [max flood level]

Kpatde otatiotixd yia to néoot agents epwtiiinxay oe xdfe Bdboc tov pull.

e int pulls_performed

O apifudc twv pulls mov éyivay xata tnv didpxeia tou simulation.

e FILE x f_cache
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Apyeio anobijxevone otatiotixdy: nocooté valid cache.

e FILE * f mes

Apyelo anobixecuonc otatioTixdy: apiOués unvnudtwy.

e FILE % f dir_size

Apyeio anoblixevons otatiotixdy: uéoo uéyelos xataddyou snooping.

e FILE x f levels

Apyeio arobfxevons otatiotixdv: néoa pulls anavridnxay oc xabe level 1 xar dev Boé-

Onxe owotyj andvinon.

Texunplwon Xuvoptioeny
C.3.0.29 float final consistency (int turn)

Yroloyilel To m0o06Té TV £yXLPWYV cache entries.

/. /7 ! /7 : 4 4
Yapdver 6houg Toug agents Bploxel To T0600T6 Twv cache entries mou elvon éyxupo. Xto

Téhog anobnxevel To anotéeoua 6To .csv file

Iapduetpor:

turn To turn oto onolo xAAfnxe n cuvdptnon.

Erniotpépet:
To nocootéd mou unoloylotnxe.
Optoude ot yeouur 28 tou apyelou statistics.c.

References agents, agent_t::cache, f cache, K, agent_t::known location, agent_ t::location,

ol num_agents.

Avagopd and simulation().
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29 {

30 int i, k;

31 int location;

32

33 int temp_inf = 0, temp_not_inf = O;

34

35 for (i = 0; i < num_agents; i++) {

36 for (k = 0; k < K; k++)

37 if (agents[(agents[i].cache[k])].location ==
38 agents[i] .known_location[k]) {

39

40 temp_inf++;

41 } else {

42 temp_not_inf++;

43 ¥

44 }

45

46

47 fprintf (f_cache, "%f;",

48 100 * (float) temp_inf / (temp_not_inf + temp_inf));
49 return 100 * (float) temp_inf / (temp_not_inf + temp_inf);
50 }

C.3.0.30 void initialize _stats ()

Apywornotel tig Souég xan ta apyela TOU xPATOVY TA GTATIOTLXE GTNY AEY Y.

Avolyet to apyela, Tonofetel o autd entxepakides (mou Ba pavodv xat aToug Ypdpoug dTav

avolyBolv ano t6 Excel). Opiouds ot ypauur| 60 tou apyelou statistics.c.
References f_cache, f dir_size, f levels, f mes, maximum pull_ level, xou turns.

Avagopd and batch run().

61 {

62 int i;

63

64 f_cache = fopen("informed.csv", "w");

65 f_mes = fopen("messages.csv", "w");

66 f_dir_size = fopen("dir_size.csv", "w");

Acovtiddng HAlog Havemotiuto Inavvivey, Tudua ITIAnpogopuxrig



C.3 XuvapTHoels OTATLOTLXGDY 141

67 f_levels = fopen("inf_per_level.csv", "w");

68

69 // initialize stats cvf file (to open with ms excel)
70 fprintf(f_cache, ";");

71 for (i = 0; i < turms; i += 20)

72 fprintf (f_cache, "d;", i);

73 fprintf (f_cache, "\n");

74

75

76 fprintf (f_levels, ";not_found;");

77 for (i = 0; i < maximum_pull_level + 1; i++)

78 fprintf(f_levels, "¥d;", i);

79 fprintf(f_levels, "\n");

80

81 fprintf (f_mes, " ;push;pull\n");

82

83 printf("value to test\t"

84 "|perc\t" "|cons\t\t" "|lav dir\t" "|ps_mes\t" "|pl_mes\t");
85 printf

86 ("\n-——————— - —mm——————— e -—==");
87 }

C.3.0.31 void stats_finalize round ()

Y10 téhog xdbe simulation (téhoc Twv turns(oek. 157)) ypdoet Ta oTaTIoTIXG OTAL apYELQL.

Ovotaotixd ypdgpouue

Tov cuvohixd apliud unvuudtey

To unvopata Aéyw pull
o To unvouata Aéyw push

e To péoo péyebog Twv directories

Ye xdbe level néool agents evnuepmdOnxay

Audipopa dhha finalizations oe dMa apyeto (ty \n)
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Optoude ot ypauuy| 132 tou apyelou statistics.c.

References av_dir_size, f cache, f dir_size, flevels, f mes, maximum_ pull level, messages,
moves, pull found_at_each level, pull messages, pulls_performed, rep_messages, xat val to_-
test.

Avagopd and batch_run().

133 {

134 int 1i;

135 float sum_of_agents_informed = 0.0;

136

137 fprintf (f_cache, "\n"); // change line to the stats file
138 moves = 1;

139 fprintf (f_mes, "%f;%d;%d;%d\n", *val_to_test, (messages) / moves,
140 (pull_messages) / moves, (rep_messages) / moves);

141 fprintf(f_dir_size, "%f;%d\n", *val_to_test, av_dir_size);

142

143

144 for (i = 0; i < maximum_pull_level + 2; i++) {

145 sum_of_agents_informed =

146 (float) pull_found_at_each_level[i] / pulls_performed;
147 fprintf (f_levels, "%f;", sum_of_agents_informed) ;

148 printf("\n %d %f\n", i, sum_of_agents_informed) ;

149 }

150 fprintf (f_levels, "\n");

151

152 }

C.3.0.32 void stats_initialize round ()

Apyuxomotel Tig Souég xan Tar apyela TOL xEATOVY TA GTATLOTLXA XA0E POEd TOU TEEYOLUE TO

simulation yta dtopopeTin WA oto range mou xivelton n val to_test(oeh. 158).

Mndevilel xdmoteg petafAntéc (HoTe Vo TIC TPOETOWAOEL Ylat TOV ENOUEVO YVpO) o YpdpEL
ota .csv Tig emxeaideg Tov yopou (IIy v A e uetafBintic val_to_test(oe). 158) nou
o e€etaotel). Opoude otn ypouur 97 Tou apyelou statistics.c.

References agents_inf_at_each level, f_cache, f levels, maximum level, maximum pull level,
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messages, pull found_at_each_level, pull messages, pulls_performed, rep_messages, xou val -
to_test.

Avagopd and batch_run().

98 {

99 int i;

100

101 for (i = 0; i < maximum_level + 1; i++) {
102 agents_inf_at_each_level[i] = 0;

103 }

104 for (i = 0; i < maximum_pull_level + 2; i++) {
105 pull_found_at_each_level[i] = O;

106 }

107

108 pulls_performed = O;

109

110 messages = 0;

111 pull_messages = O;

112 rep_messages = 0;

113 fprintf (f_cache, ")f;", *val_to_test);
114 fprintf(f_levels, "%f;", *val_to_test);
115 }

Texpnplwon MetafBAnTdy
C.3.0.33 int agents_inf at_each level[max flood level]

Kpatdel otatiotind yia to ndécol agents evnuepdinxayv oe xdbe Bdbog tou push.

[Mpbxettar yio mivaxa 6mov, otny Oéomn 1 €xel to ndool agents evnuepdOnxay oe TTL=1,
oty Béom 2 o ool evnuep®dOnxay ot Bdbog 2 xTA. To dbpoloua dAwY aLTGOY TwV Béoewy
elvon o apLBude Ty agent mouv evnuepdnxav ye to push cuvokixd Oploude oty yeauuy 51

Tou apyelou main.c.

Avagopd and push_to_network(), xou stats_initialize round().
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C.3.0.34 int av_dir_size

Méoco péyeboc snooping directory.
Optoude ot ypauurn 50 tou apyelov main.c.

Avagopd and simulation(), xoau stats_finalize round().

C.3.0.35 FILE=x* f cache

Apyelo anobnxevong otatioTixdy: nocootd valid cache.
Optoude ot ypauuy 56 tou apyelov main.c.

Avagopd ané final consistency(), initialize stats(), stats_finalize round(), xou stats_-

initialize round|().

C.3.0.36 FILE « f_dir_size

Apyelo anobrxevong otatiotixdv: puéco uéyehog xatahdyou snooping.
Optoude otn ypouun 56 tou apyelov main.c.

Avagopd ané initialize stats(), xou stats_finalize round().

C.3.0.37 FILE x f_ levels

Apyelo anofrxevong otatiotixdv: téca pulls anavtinxayv oe xdbe level 1 xat dev Bpebnxe
OWOTY ATAVINOY).

Optoude ot ypauuy| 56 tou apyelov main.c.

Avagopd ané initialize stats(), stats_finalize_round(), xou stats_initialize round().

Acovtiddng HAlog Havemotiuto Inavvivey, Tudua ITIAnpogopuxrig



C.3 XuvapTHoels OTATLOTLXGDY 145

C.3.0.38 FILE * f mes

Apyelo anobrxevong otatioTixdy: aplBudg unvnudtomy.
Optoudc ot yeouur 56 tou apyelov main.c.

Avagopd ané initialize stats(), xou stats_finalize roundy().

C.3.0.39 int messages

Kpatd tov aplfud unvuudtwy tou push uévo.
Optoude ot yeouur 44 tou apyelov main.c.

Avagopd andé move_inverted(), push_to_network(), simulation(), stats_finalize_round(), »ou

stats_initialize_round().

C.3.0.40 int moves

ApBude yetaxivioewy mou £ytvay xata TNy Sidpxeta Tou simulation.
Optoude ot ypouur 48 tou apyelov main.c.

Avagopd arnd simulation(), xou stats_finalize_round().

C.3.0.41 int pull found at_each level[max flood level]

z Ié /7 /7 z ré
Kpatdel otatiotixd v to néool agents epwtifnxay oe xdbe Bdbog tou pull.

[Tpbxertar yia nivaxa émou, otny Béon 1 €yel To néool agents pwtidnxav oe TTL=1, otnv
0¢omn 2 to néool ot Bdboc 2 xTh. To dbpoloua dAwY auTHOY Twv BEoewy elvan o aplbuds TV

agent mou pwTRONXay xata TNy Sidpxela Tou pull GuvoAxd.
Optoude ot yeouurn 52 tou apyelov main.c.

Avagopd ané pull algorithm(), stats_finalize_round(), xou stats_initialize round().
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C.3.0.42 int pull level found

E8¢ amofnxebeton to Bdboc (oto path) oto omolo Bpébnxe n nhnpogopio xatd to pull.
Optoude ot ypouur 46 tou apyelov main.c.

Avagopd ané initialize(), pull_algorithm(), xou simulation().

C.3.0.43 int pull messages

Keatd tov apbuéd unvuudtwy tou pull uévo.
Optoude ot ypauuy| 45 tou apyelov main.c.

Avagopd ané pull_algorithm(), simulation(), stats_finalize round(), stats_initialize_round(),

xat validate_agents_cache().

C.3.0.44 int pulls

ApiBude pull mou éyivay xata Ty didpxeta Tou simulation.

Optoude ot ypauuy| 49 tou apyelov main.c.

C.3.0.45 int pulls_performed

O apBudc tov pulls mou €ywvay xata Ty Sidpxeta Tou simulation.
Optoude ot ypouur 53 tou apyelov main.c.

Avagopd ané pull algorithm(), stats_finalize_ round(), xou stats_initialize round().

C.3.0.46 int rep_messages

Mnviuata mou ypeeidotnxay ylo cache replacement.
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Optoude otr ypauur 47 tou apyelov main.c.

Avagopd ané replace(), stats_finalize round(), xou stats_initialize roundy().
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C.4 Xuvtovioudg xal avtopatonoinomn tng eEopolwong.

Anurovpynonxe ulo unyavi) autéuatng extéleons OoTe Vo eEAYOVUE OTATIOTIXA Ywpelc TOA-
Mg mopeufdoeig and Tov yenotn. Etou Snulovpyrbnxav cuvaptrioelc mou agopolv Tov
cuvTovioud tou simulation hote va Tpéyel Ye autopatononuévo tpdémo. Ilolo cuyxexpluéva
Yenowwonoteltar yia
e Tov autéuato UTOAOYLOUS ATOTEAECUATOY YL OLAPOPETIXES TWWES XATOLWY UETO-
Bintédv.  'Etol my Slvetan 1 petafAnty mou Oélouue va uetafdhoupe, To uéyt-
oto/eNdytoto/Brua tne wetaBolic xau autduata Tpéyel éva simulation yio x&be Ty
ToL avixel oe autd To ddotnua. MdAlota ta anoteréopata yivovtaw plot oto (3o
apyelo (o€ SropopeTinég xauUTONES).

o Trv autéuatn AMdn uéoouv bpouv ToOAATAGY exteAécenwY Tou (Slou simulation.

YuvopTthoELg

e void set_simulation_parameters ()

Ytyv ovvdptnon avtij SpAdvovue tic Tiwés mou Oélovue va Géoovue oe xdbe mapduetpo

yia to simulation.

e void simulation ()

Toéyet to simulation yia évay apifué aro turns xpatdvrac otatiotixd Ilpdxeitar yio 1o
loop mouv Eexivd and tov apyixomoinuévo ypdpo xar teéxet To melpaua yia Evay apifué

and turns(oel. 157).

e int batch run ()

Kalel tpv simulation()(ce).153) yia xdbfe twuif tou range tnc napauétpov val_to_-

test(oeh. 158) mou Gédovue va eletdoouvue.

MeTafAnTég

e float * val_to_test
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Ytov 8eixty avté Balovue tyv mapduetpo mov Gélovue va ueletiioovue.

float 1_.bound

H apyuxif tius tne napauétpov, ue avti Ga Eexivioet to simulation val_to_test(oel. 158).

float up_bound

‘Otav gptdoovue oe auty tv Tl otauatdue to simulation val_to_test(oek. 158)

float incr

H rapduetpoc avédvetar xatd téoo oc xdbe xUxio ano turns val_to_test(oeh. 158).

int turns

O aptbudc twv turns tou simulation.

Aentoueprc Ilepiypap

LUVaPTACELS XAl TAPAUETEOL TOU APopoly ToV GUVTOVLoUS Tou simulation dote va Tpéyet ue

QUTOUATOTIOLNUEVO TEOTO.

[ty e€opolwon o ypriotng opilet otoyv simulator told napdueteo(oek. 121) Oéhe var yehe-
toet (val_to_test(oe). 158)) xou yia toiég twwéc (1-bound(oe). 157), up_bound(oeh. 157),
incr(oel. 157)). Ané exel xou népa autdpata yioo x8be Ty Tng TopaéTpou TEéxEL To Sim-
ulation v évay aptBué and turns(oek. 157). Méhic telewdboouy ta turns, anobnxedovio
Ta anotehéoyata, auidvetol N TopdueTpoc xata incr(cek. 157) xat Tpéyel yia Ty enbUEVT

WY %.0.%.

Texunplwon Xuvaptrioewy
C.4.0.47 int batch run ()

Kokel v simulation()(oek. 153) vy xdbe wuh touv range tng moapouétpouv val to_-

test(oeh. 158) mou Béhovue va eZeTdooOVUE.
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Yy ouvdptnon auth n petafintd val to_test(oel. 158) avidveton n petdvetoar o xdbe

loop xat xahetiton 1 simulation()(oeh. 153) yia va e€wueldoouye t0 6OOTNUR UE AUTH TNV

TUN.

Emunhéov ypdgel xau 1 ocuvdptnon auth ota apyeia Tov otattotixdy (aAdlel ypauus oto
comma seperated excel file xou otV TEOTH GTAAN Yedpel emxepaiides ue TNV TYWY| TOUL

eZetdlouvye )

Kouwtd&re eniong :
simulation(oe). 153) set_simulation_parameters(oeh.151) val_to_test(och. 158)
up_bound(ce). 157) 1_bound(oeh. 157) incr(oeh. 157)

Optoude ot ypauur| 236 tou apyelou simulation.c.

References destroy_graph(), incr, initialize(), initialize stats(), |_bound, print_graph stats(),

simulation(), stats_finalize round(), stats_initialize round(), up_bound, xou val_to_test.

237 {

238 int 1i;

239 initialize_stats();

240

241 for (xval_to_test = 1l_bound; *val_to_test <= up_bound;
242 *val_to_test += incr) {
243 /*xfor (i = 0; i < 4; i ++){
244 switch (i){

245 case 3: decay_par = 0.0;
246 maximum_level = 5;

247 break;

248 case 2: decay_par = 0.04;
249 maximum_level = 5;

250 break;

251 case 1: decay_par = 0.1;
252 maximum_level = 5;

253 break;

254 case 0: decay_par = 0.6;
255 maximum_level = 4;

256 break;

257 }

258 val_to_test = &decay_par;
259
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260 */

261 printf("\n");

262 initialize(); //initialize graph
263

264 stats_initialize_round();

265 print_graph_stats();

266 [/ Kook sk sk ok ok ok ok ok ok oK oK K ok ok o ok ok ok Kok /

267 simulation();

268 [ koK sk sk ok sk ok sk sk ok ok sk ook ok o sk ok ok ok /

269 stats_finalize_round();

270 destroy_graph() ; //free memory
271

272

273

274 }

275

276

277

278 }

C.4.0.48 void set_simulation_parameters ()

Yty ouvdptnon auty dnhkdvouue T TWwég Tou Béhouue va Bécouue ot xdbe TaPdUETEO Yo

To simulation.

O ypfotne divel Tic Twée v T Topopétpous tou Ha pelvouv otabepéc (m.y. Tov aplBud
Twv turns(oek. 157), 1o yéyehog tou K(oeh. 135), to TTL xth...)

Eniong 6étovtag xdnoteg napauétpoug emhéyet To eidog Tou akyopibuou nov Ha tpéiel (use_-
replication(oeh. 126), do_pull(cek. 124), algorithm(oel. 123) xTA...)

Téhog oe xdfe simulation ymopel autduata vo e€etaotel xal éva range TGV xdmolag
napapétpov. H moapduetpoc mou Oa eletaotel dnidvetan oto oty uetafSAnty val_to_-
test(oeh. 158) xau to range ypnowonowdvroc g uetofAntéc 1-bound(oeh. 157), up_-
bound(oeh. 157), incr(oek. 157). Oploude ot ypauur 28 tou apyeiov simulation.c.

References algorithm, decay _par, do_pull, exp_time, incr, inv_cache percentage, 1 bound,
LEASING, maximum_level, maximum_pull_level, p_move, p_pull, p_replicate, per_cache,

percentage_of popular_agents, popularity, pull_decay_par, replace_prob, replica_time, turns,
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up_bound, use_replication, xat val_to_test.

29 {
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

/* Number of agents = 1000 */

/* graph values */

per_cache = 0.004;
percentage_of_popular_agents = 0.01;

popularity = 10.0; /* three times more agents know them */

/* simulation values */
p_move = 0.005; /* probability to move (each agent at each round) */
p_pull = 0.01;

turns = 250; /* number of simulated turns */

/* default flooding values */

maximum_level = 5;

decay_par = 0.4;

do_pull = 0;

/* pulling values */

maximum_pull_level = 5; /* look in my 2 hop neighborhood */
pull_decay_par = 0.5; /* with no decay */

/* replication parameters */
use_replication = O;
replica_time = 6;
p_replicate = 0.3;

/* keep cache for moving agents (algorithm 3) */

exp_time = 20; /* TTL for the snoop cache */
P P

replace_prob = 0.5;

//LEASING

inv_cache_percentage = 0.8;
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70

71 // ALGORITHM SELECTION
72 //PLAIN_PUSH 1

73 //SNOOP 2

74 //LEASING 3

75

76 algorithm = LEASING;
77

78 // VALUE TO TEST

79 val_to_test = &inv_cache_percentage;
80 1_bound = 0.5;

81 up_bound = 1.0;

82 incr = 0.1;

83

84 }

C.4.0.49 void simulation ()

Teéyet to simulation yia évav aplbud ano turns xpatdvrag otatiotixd. I[lpdxeitan yia To
loop mou &exwvd amd Tov apyixonouévo Yedpo xal TpEyel To Telpaua Yio évay apliud and
turns(oeh. 157).

Ye %dbe yOpo apyixomotel Tig UETABANTEC TOU XPATAY Ta OTATLOTLXE, xou yia xdfe turn
exTeNéL TIc xaTdAANAEeS evépyeieg (avdAoYa UE TLS TapAUETPOUS Xow Tov ahybplBuo Tou yen-
owornoteltar). T nopdderypa av éyel emeybel snooping xoitd av éyouvv AAZel snooping
directory entries otov Tpéywv YUpo, emAéyel nolol agents Oa petaxivnboldyv, tolol Oa xdvouy

replace uéprn tng cache Toug xTA...

Y10 téhog xdbe yUpou ypdpel Ta anoTEAECUATA OE APYElX TOU XPATAY T OTATIOTIXA XoL
TUTAVEL 6TNY 006V unviuata Yo va yvwpilovue To status tou simulation oe mpoypotind

Xeovo.
use_replication Opioudc otn ypouun 98 tou apyelov simulation.c.

References flood_cache t::agent, agents, algorithm, av_dir_size, agent_t::cache, delete.-
expired_cache(), delete_old_replicas(), agent_t::f_cache size, final consistency(), K, agent._-
t::known location, LEASING, levels, agent_t::location, flood_cache_t::location, maximum -

level, messages, move_ inverted(), moves, num agents, p_move, p_pull, pull algorithm(),
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pull_level found, pull messages, push_to_network(), ran(), replace(), replace_prob, agent -

t::replica_head, SNOOP, turns, use_replication, val to_test, xou validate_expired_cache().

Avagopd arnd batch_run().

99 {

100 int i, j, agnt, k;

101 float comns;

102 int max = 0;

103 int av_dir = 0;

104 int dest;

105 int max_dir = O;

106

107 levels = (int *) malloc((maximum_level + 1) * sizeof(int));
108 for (i = 0; i < maximum_level + 1; i++)

109 levels[i] = 0;

110

111 messages = 0;

112 pull_messages = 0;

113 moves = 0;

114 av_dir = 0;

115

116

117 for (k = 0; k < turns; k++) {

118

119

120 if (use_replication)

121 delete_old_replicas(k);

122

123

124 if (algorithm == SNOOP) {

125 validate_expired_cache(k);

126 delete_expired_cache (k) ;

127 for (i = 0; i < num_agents; i++) {
128 av_dir += agents[i].f_cache_size;
129 if (agents[i].f_cache_size > max_dir)
130 max_dir = agents[i].f_cache_size;
131 }

132 }

133

134

135 /*
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136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
1562
163
154
1565
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178

if (algor
validate_
}

*/

ithm == PLAIN_PUSH){

expired_cache (k) ;

if (algorithm == LEASING) {

for (i =

0; i < num_agents; i++) {

av_dir += agents[i].f_cache_size;

if (
}
validate
}
for (agnt =
if (ran(
if (
else
move
}
if (ran(
if (

ran(replace_prob))

replace();

_expired_cache (k) ;

0; agnt < num_agents; agnt++) {
p_move)) {
algorithm == LEASING)

move_inverted(agnt) ;

push_to_network(agnt, k);

s++;

p_pull)) {

use_replication) {
int k_loc = 0;
/* pull to update replica */

/* pick a resource to pull */

/* temp just pull an existing old replica */

if (agents[agnt].replica_head != NULL) {
dest = agents[agnt].replica_head->agent;
k_loc = agents[agnt].replica_head->location;

} else {
dest = rand() % num_agents;
k_loc = 0;

}
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179 pull_level_found = -1;

180 pull_algorithm(agnt, k_loc, dest, k);
181

182 } else {

183 /* pull to update cached locations */
184 for (i = 0; i < K; i++) {

185 dest = agents[agnt].cache[i];

186 if (agents[agnt] .known_location[i] !=
187 agents[dest] .location) {

188 pull_level_found = -1;

189 agents[agnt] .known_location[i] =
190 pull_algorithm(agnt,

191 agents[agnt] .
192 known_location[i], dest, k);
193 break;

194 X

195 }

196 }

197 }

198 X

199

200

201 /* gother stats */

202 if (1 /*luse_replication */ ) {

203 if (k % 20 == 0)

204 cons = final_consistency(k) ;

205 // keep_agents_informed_at_each_level(k);

206

207 /* print stats every 10 rounds to the screen */
208 if ((k !'= 0 && (k % 10) == 0) || k == turns - 1)
209 printf ("\rvalue %6.4f:\t"

210 " %A%k \E"

211 VA YYANAL

212 " %a\t"

213 " %a\t"

214 "|1%d\t", *val_to_test, (k + 1) * 100 / turmns, coms,
215 av_dir / (num_agents * k)

216 , (messages) / turns, (pull_messages / turns)
217

218 );

219 }

220

221 }
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222 av_dir_size = av_dir / (num_agents * turns);
223 printf ("MAX DIR = %d\n", max_dir);
224 }

Texpnplwon MetafBAnTdy
C.4.0.50 float incr

H rapduetpog avdvetal xatd téoo oe xdfe xOxho ano turns val to_test(oek. 158).
Optoudc o1 ypauur 78 tou apyelou main.c.

Avagopd and batch_run(), xou set_simulation_parameters().

C.4.0.51 float 1. bound

H apyueh wh tne napapétpou, ue auth o Eextvioel to simulation val_to_test(oe). 158).
Optoude o1 ypouuy 76 tou apyelou main.c.

Avagopd and batch_run(), xou set_simulation_parameters().

C.4.0.52 int turns

O apBude twv turns Tou simulation.
Optoude ot yeouurn 79 tou apyelov main.c.

Avagopd ané initialize stats(), set_simulation_parameters(), xoau simulation().

C.4.0.53 float up_bound

'Otav gtédoovue o auTh v TWh otauatdue to simulation val to_test(oek. 158)

Optoude ot yeouurn 77 tou apyelov main.c.
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Avagopd and batch_run(), xou set_simulation _parameters().

C.4.0.54 float+ val to_test

Ytov Selxtn avtd Balovue Ty mapduetpo mou BEhovue va LeAETHOOUUE.

Kotd tnv Sidpxeia Tou simulation autr n nopduetpog Ho avgdvetar xon Ho peidvetal autod-
uata avdroya pe To 1_bound(oel. 157), up_bound(oce). 157), incr(oel. 157) Oploudc ot

Yeauuy 75 Tou apyelov main.c.

Avagopd andé batch_run(), set_simulation_parameters(), simulation(), stats finalize -

round(), xou stats_initialize_round().
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C.5 Xuvaptioelg nou apopoly tny e€ouolnwor Twv aAyo-
elbuwv.

O ouvaptioelg auTég ouCLACTIXA YENoLUevoLY dueca yia TNV eEouolworn TV alyoplOuwy

push, pull, push with snooping directories, inverted cache push/pull xtA.

int f no; int f agents[num_agents|[2]; int f pull no; int f pull agents[num agents||[2];

YuvapTHoELg

e void move_inverted (int agent)

Mertaswvel évay Soouévo agent oe véa Géon.

e void replace ()

Avtixabiotd éva entrie otnv cache xdmowu agent.

e void clear flood marks ()

Kafapilet ta onuddia nov Balovue xatd tnv didpxeta tou alydpibuouv pull.

e int pull algorithm (int sour_agent, int known_ location, int dest_agent, int turn)

O alydptbuoc pull.

e void clear_marks ()

Kabapilet ta onudadia mov Balovue xatd tnv Sidoxeta tou adydpibuov push.

e void push_to _network (int agent, int turn)

O alyépibuoc pull.

e void delete_old replicas (int cur_round)

YiBiver ta madid replicas.

e void create_replica (int to_agent, int expr, int agent, int location)

Pridyver replica uiag ntAnpopoplag oc xdnowov agent.
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e void delete_expired _cache (int cur_round)

Biver ta expired snooping cache entries.

e void add_to_cache (int to_agent, int expr, int agent, int location)

Pridyver eva snoopig entrie oe xdmolov agent.

e void validate_agents_cache (int agent, int cur_turn)

Extelel to periodic pull Tov adyopifuov snooping.

¢ void validate_expired_cache (int cur_turn)

Evnuepdver tpv cache éAwv twv agent.

Aentopeprc Ieptypop

int f no; int f agents[num_agents|[2]; int f pull no; int f pull agents[num agents]|[2];

float inv_cache_percentage;/+x< To mocooté tnc inverted cache nou xpatdue (oyetileton

ue To leasing time)

Texunplwon Xuvaptioeny
C.5.0.55 void add _to_cache (int to_agent, int expr, int agent, int location)
dtdyvel eva snoopig entrie oe xdmotov agent.
Iapduetpor:
to_agent oe nmoldv agent Ou @Tioytel To snooping entrie.

expr oe nolo yUpo Oo Anget

agent oc molov agent avixel 1 TAnpogopla mou Oa avtiypddouye
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location 7 6éom (n to version) auth Ty oTLYUR.

z 4 ! Ve z Ve e z
H ouvdptnon auty xakeitor and to push xat Bdlel otoug xéuPBoug mou cuvdvinoe £va snoop-

ing entry.Oplouédg ot ypouur 49 tou apyelou snooping funcs.c.

References flood _cache_t::agent, agent, agents, flood_cache t::expire, agent_t::f cache_head,
agent_t::f_cache size, agent_t::f cache_tail, flood_cache, flood_cache t::location, xot flood._-

cache_t::next.

Avagopd ané initialize(), xou push_to_network().

50 {

51 int i = to_agent;

52 flood_cache *p;

53

54 p = (flood_cache *) malloc(sizeof (flood_cache));
55 p—>agent = agent;

56 p—>expire = expr;

57 p—>location = location;

58 p—>next = NULL;

59

60 i = to_agent;

61 if (agents[i].f_cache_tail == NULL)
62 agents[i].f_cache_tail = agents[i].f_cache_head = p;
63 else {

64 agents[i].f_cache_tail->next = p;
65 agents[i].f_cache_tail = p;

66 }

67

68 agents[i] .f_cache_size++;

69

70

C.5.0.56 void clear flood marks ()

Kabapiler Ta onuddia mou Bdlouue xatd tnv Sidpxeia Tou aiydetbuou pull.

Katd tov ahydpibuo pull, xd0e agent mou haudver to uivuuo LopxdpeTat Yo Vo Uny enava-

Tpowbnoel To puhvupa yehhovtid. Ilpwy xdmolo pull xabBoapilovye Ta onuddia mou Bdiayue
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xotd TNV Sidpxeta Tou mponyovuevou pull. Opouds ot ypauur 14 Tou apyeiou pull.c.
References agents, agent_t::flood_marks, xow num_agents.

Avagopd and pull_algorithm().

15 {

16 int i;

17 for (i = 0; i < num_agents; i++)
18 agents[i] .flood_marks = -1;
19

20 }

C.5.0.57 void clear_marks ()

KaOopiler ta onuadio mou Balovue xatd tnyv didpxeta tou alybplbuou push.

Kdébe agent mou Aoufdvel To univuua LOEXEEETAL YLOl VO UMV ETAVO-TEOWONCEL TO UrRvuua
uehhovtixd. Ilpwv xdmoto push xabapilovue ta onuddia mou Bdhaue xatd TNV Sidpxeia Tou

nponyovuevou push. Oploudc otn ypauur 17 Tou apyelov push.c.
References agents, agent_t::marked, xa. num_agents.

Avagopd ané push_to_network().

18 {

19 int i;

20 for (i = 0; i < num_agents; i++)
21 agents[i] .marked = -1;

22

23 }

C.5.0.58 void create replica (int to_agent, int expr, int agent, int location)

dudyver replica uog Thnpogoplag oe xdnolov agent.
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Iapduetpor:

to_agent oe noldv agent Oa @Tioytel 1 replica.
expr ot moto yVpo Oa Aiget n replica
agent oc molov agent avixel 1 TAnpogopia Tou Ba avtiypddouye

location 7 6éom (n) To version) avth Ty oYU

dtidyvouue otov to_agent uia replica tng mAnpogoplag mou xpatdel o agent. H replica

Do éyel version number location. Xto yéAlov, evdéyetoar o agent va aviroel to location

oahA& otny replica Oa €yovue axdua To makd version. Opiouds ot yeouurn 49 tou apyelov

replication.c.

References flood cache_t::agent, agent, agents, flood_cache_t::expire, flood_cache, flood -

cache t::location, flood cache t::next, agent_ t::replica_head,

agent_t::replica_tail.

Avagopd and pull algorithmy().

50 {
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70 }

int i = to_agent;

flood_cache *p;

p = (flood_cache *) malloc(sizeof (flood_cache));
p—>agent = agent;

p—>expire = expr;

p—>location = location;

p—>next = NULL;

i = to_agent;
if (agents[i].replica_tail == NULL)

agents[i] .replica_tail = agents[i].replica_head = p;
else {

agents[i] .replica_tail->next = p;

agents[i] .replica_tail = p;

agents[i] .replica_size++;

agent_t:replica_size, xou
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C.5.0.59 void delete_expired_cache (int cur_round)

Y BYvel ta expired snooping cache entries.

Iapduetpot:
cur_round o Tpéywy YOpoc. YXaphvel Toug agents xau of3nvel T snooping cache entries

Tou €xouv ANEeL.

Optoude otn ypouun 15 tou apyelou snooping_funcs.c.

References agents, flood_cache t::expire, agent_t::f cache head, agent_ t::f cache_size,

agent_t::f_cache_tail, flood_cache, flood_cache_t::next, xat num_agents.

Avagopd and simulation().

16 {

17 int i;

18 flood_cache *tmp;

19 // print_lists(cur_round) ;

20 // system("pause");

21

22 for (i = 0; i < num_agents; i++) {

23 while (agents[i].f_cache_head != NULL

24 && agents[i] .f_cache_head->expire <= cur_round) {
25 agents[i] .f_cache_size--;

26

27 tmp = agents[i].f_cache_head;

28 if (agents[i].f_cache_head == agents[i].f_cache_tail) {
29 agents[i].f_cache_head = NULL;

30 agents[i].f_cache_tail = NULL;

31 } else

32 agents[i].f_cache_head = agents[i].f_cache_head->next;
33

34 free(tmp) ;

35 }

36 }

37 }
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C.5.0.60 void delete_old replicas (int cur_round)

YBnver Ta maAud replicas.

Iapduetpor:
cur_round o Teéywv YOpoc. Mapivel Toug agents xoau of3nvel Ta replicas mou €youv
MEet.

Optoudg ot ypouur 16 tou apyelou replication.c.

References agents, flood_cache_ t::expire, flood _cache, flood_cache t::next, num_agents,

agent_t::replica_head, agent_t::replica_size, xau agent_t::replica_tail.

Avagopd and simulation().

17 {

18 int i;

19 flood_cache *tmp;

20 // print_lists(cur_round) ;

21 // system("pause");

22

23 for (i = 0; i < num_agents; i++) {

24 while (agents[i].replica_head != NULL

25 && agents[i].replica_head->expire <= cur_round) {
26 agents[i] .replica_size——;

27

28 tmp = agents[i] .replica_head;

29 if (agents[i].replica_head == agents[i] .replica_tail) {
30 agents[i] .replica_head = NULL;

31 agents[i] .replica_tail = NULL;

32 } else

33 agents[i] .replica_head = agents[i] .replica_head->next;
34

35 free(tmp);

36 }

37 }

38 }
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C.5.0.61 void move_inverted (int agent)

Metaxivel évav doouévo agent oe véa Oom.

’ 14 /. z ’ M 4 4

Orav xAnfel, evnuepdver 6houg toug agents mou elvat 6to inverted cache yia v véa Béon
xal UeTd petaxivelton oe auth avidvovtag to agent_t::location(oe). 182). Evolhoxtixd
umopel va evnuepwlel uévo éva to6ooTtd autdy Tou xafopiletarl and v yetaAnty inv_-

cache_percentage(och. 205).

Iapduetpor:
agent O agent mou Oéhouye vo UETAXLVCOLUE.
Optoude otn ypouun 17 tou apyelou inverted_cache.c.

References flood _cache_t::agent, agent, agents, agent_t::cache, agent_t::f_cache head, flood -
cache, inv_cache percentage, K, agent_t::known_location, agent_ t::location, messages,

flood_cache_t::next, xou ran().

Avagopd and simulation().

18 {

19 flood_cache *p;

20 int dest_agent;

21 int i;

22

23 (agents[agent] .location)++;

24

25 p = agents[agent].f_cache_head;

26 while (p !'= NULL) {

27 if (ran(inv_cache_percentage)) {

28 for (i = 0; i < K; i++)

29 if (agents[p->agent].cache[i] == agent)
30 agents[p->agent] .known_location[i] =
31 agents[agent] .location;

32

33 messages += 2;

34 }

35

36 P = p—>next;
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37 }
38
39 }

C.5.0.62 int pull algorithm (int sour_agent, int known location, int
dest_agent, int turn)

O aryo6pBuog pull.

Iapduetpor:

sour_agent O agent mou Eexwvd v avalntnon

known_location H 6éon mou yvdplle o sour_agent npwy tv avalitnon (Pdyver xdnota

TLO XLvoVpYLaL).

dest_agent O agent mou {dyvouvue (oto replication (Ydyvouue xdrowa mo olyypovn

replica autol Tou agent xat byt Tov (8o Tov agent)

turn H turn nov &exivnoe n avalnnon.

Eniotpépet:
H véa 6éom tou agent 1| to véo version number tng replicas. Emotpépetar mévta to

weYaAiTepo anotéheoua nov pac enéotpeday ta paths tou pull.
I'ivetou flooding oto dixtuo and Tov agent mouv Eexvd to pull péypet va Beebel n TAnpopopia
nou avalntolue. Tote emotpépeton To anoTéAeoua oTov apyxd agent.

Kdbe x6ufoc mou Aaufdvel To query message eetdlel

e To snooping directory tou (av vdpyet)
e T replicas (av ypnowonotolue replication)
e Trv cache tou (av dev ypnoiuonotolue replication)
Ay dev Bpel v avalntoduevn thnpogopla, tpwlel To uRvuua otoug yeltovég Tou AaufBdvo-

vtog unbdny Tic Tapauétpovs maximum _pull_level(oel. 125), pull_decay_par(oeh. 126)
XTA.
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Av ypnowonotodyue replication téte ye mbavétnta p_replicate(oeh. 125) puidyvouue replica

g avalnNToVUEVNS TANEOYOPlag OTOV TPy WY agent.

E ! 4 Vé / / Vé Vé ! z
Tlong xpatodvtol oTaTloTiXd OTwe 0 apliude unvuudtey xou To Bdboc oto omolo Beébnxe

n Thnpogopla (¥ av dev Bpébnxe). Oplouds otn ypauur 54 tou apyelou pull.c.

References flood _cache_t::agent, agents, algorithm, agent_t::cache, clear_flood_marks(), cre-
ate_replica(), agent_t::f cache head, f pull agents, f pull no, flood_cache, agent_t::flood.-
marks, K, agent_t::known_location, agent_t::location, flood_cache_t::location, maximum -
pull_level, flood_cache_t::next, p_replicate, pull decay_par, pull found_ at_each_level, pull -
level found, pull messages, pulls_performed, ran(), agent_t::replica_head, replica_time,

SNOOP, xat use_replication.

Avagopd ané initialize(), simulation(), xou validate_agents_cache().

56 {

57

58 int i, j, k, 1;

59 float prob = 1;

60 int level = 0;

61

62 int ret_location = known_location;

63 int flood_dest_agent;

64

65 int flood;

66 int flooded_nodes;

67

68 int stats_found = 0;

69

70 flood_cache *p;

71

72 clear_flood_marks() ;

73 agents[sour_agent] .flood_marks = 0;

T4

75 f_pull_no = 1;

76 f_pull_agents[0] [0] = sour_agent;

77

78 for (level = 0; level <= maximum_pull_level; level++) {
/* for each flood level */

79 flooded_nodes = O0;

80 for (1 = 0; 1 < £f_pull_no; 1++) {
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81 pull_messages++;

82 i = f_pull_agents[1] [level % 2];

83 flood = 1;

84

85

86

87

88 // if we use snooping algorithm, check snoop cache.
89 if (algorithm == SNOOP) {

90 p = agents[i] .f_cache_head;

91 while (p != NULL) {

92 if (p—>agent == dest_agent)

93 if (p—>location > known_location) {
94 if (ret_location < p->location)
95 ret_location = p—>location;
96 flood = 0;

97 pull_level_found = level;

98

99 // pull_messages ++;

100 }

101 P = p—>next;

102 }

103 }

104

105 if (use_replication) {

106 p = agents[i] .replica_head;

107 while (p != NULL) {

108 if (p->agent == dest_agent)

109 if (p—>location > known_location) {
110 if (ret_location < p->location)
111 ret_location = p->location;
112 flood = 0;

113 pull_level_found = level;

114 // pull_messages ++;

115 }

116 P = p—>next;

117 }

118 X

119

120 //if the agent is in my cache

return the result and do not forward the message.
121 //if we use replication

the cache is used only as a network infastrucrure.
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122 if (!use_replication)

123 for (j = 0; j < K; j++) {

124 if (agents[i].cache[j] == dest_agent)

125 if (agents[i].known_location[j] > known_location) {
126 if (ret_location < agents[i].known_location[j]) {
127 ret_location = agents[i].known_location[j];
128 flood = 0;

129 pull_level_found = level;

130 }

131 //  pull_messages ++;

132

133 }

134 }

135

136

137 if (i == dest_agent) {

138 ret_location = agents[i].location;

139 flood = 0;

140 pull_level_found = level;

141 }

142

143

144 /* create replication paths */

145 if (use_replication)

146 /* with a probability create replica to the pulling agent*/
147 if (ran(p_replicate) || i == sour_agent)

148 create_replica(i, turn + replica_time, dest_agent,

149 agents[dest_agent] .location);

150

151

152 // else forward the message (flooding)

153 if (flood == 1) {

154 for (j = 0; j < K; j++)

155 if (ran(prob)) {

156 /* for each agent in the cache INFORM HIM */

157 flood_dest_agent = agents[i].cache[j];

158 if (use_replication

159 || agents[i] .known_location[j] ==

160 agents[flood_dest_agent] .location)

161 /* if the agent is there, we send him a message */
162 /* there is a probability to forward the message */
163 if (agents[flood_dest_agent].flood_marks == -1) {

/* if this agent hasn’t received the message yet */
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164

165 f_pull_agents[flooded_nodes] [(level +
166 1) % 2] =
167 flood_dest_agent;

168 flooded_nodes++;

169 agents[flood_dest_agent] .flood_marks = 1;
170 } else

171 pull_messages++;

172 // pull_messages++;

173

174

175

176 }

177 } else {

178

179 if (stats_found ==

180 && ret_location == agents[dest_agent].location) {
181 // printf("ton brika se level %d\n",level);
182 stats_found = level + 1;

183 }

184 }

185

186 }

187 f_pull_no = flooded_nodes;

188 prob = prob * (1 - pull_decay_par);

189 if (prob <= (float) 1.0 / K)

190 prob = (float) 1.0 / K;

191 X

192

193 pull_found_at_each_level[stats_found]++;

194

195 pulls_performed++;

196 return ret_location;

197 }

C.5.0.63 void push_to network (int agent, int turn)

O aAiybplBuog pull.

Iapduetpor:

agent O agent nou petaxiveitan (av éyouue move)
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1, 0 agent nou ah\&leL version oto resource tou (av éyouyue replication).

turn H turn nov Eexivnoe n avalitnon.

Kdébe @opd mouv v xahodue téte o agent oldler Béon (adver To agent_-

t::location(oel. 182)) xau evnuepdvel To dixtuo ypnotwonoidvtag Tov ahybplfuo push.

Kdébe x6ufog mouv AauPdvel to message

e Bdlel tnv mhnpogopia oto snooping directory (av undpyet)

e Av ypnowornotolue replicas e€etdlouye av €youvue xdnowa replica euelg ylo vo tnv

AVOLVEDGOVUE

o Av 3ev ypnowomnotodue replicas, av éyovue tnv Béon tou agent otnv cache tnv avo-

VEMDVOUUE

'Eneita. mpwbolue to uRvuua otoug yeltovég Tou AauPBdvovtag unddny Tig TApAUETEOUS

maximum _level(oeh. 124), decay_par(oe). 124) xth.

Enlong xpatodvtol otatiotind 6nwg o aplbuds unvuudtony xal o aptbude tmv agent mou

evnuepwinxe oe xdbe Bdbog tou path. Opioudc otn ypauun 53 tou apyelov push.c.

References add_to_cache(), flood_cache_t::agent, agent, agents, agents_inf_at_each_level, al-
gorithm, agent_t::cache, clear marks(), decay par, exp_time, f agents, f no, flood_cache, K,
agent_t::known_location, flood_cache_t::location, agent_t::location, agent_t::marked, maxi-
mum _level, messages, flood_cache_t::next, ran(), agent_t::replica_head, SNOOP, xat use_-

replication.

Avagopd and simulation().

54 {

55 int i, j, k, 1;

56 float prob = 1;

57 int level = 0;

58 int new_location;

59 int old_location;

60

61 int destination_agent;
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62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

79
80
81
82
83
84
85
86
87

88
89
90
91
92
93
94
95
96

97

98

int retries;

int old_k_location;

int flooded_nodes;

flood_cache *p;

0old_location = agents[agent].location;

new_location = ++(agents[agent].location);

clear_marks();

agents[agent] .marked = 0;

f_ no =1;

f_agents[0] [0] = agent;

for (level = 0; level <= maximum_level; level++) {
/* for each flood level */
flooded_nodes = 0;
for (1 = 0; 1 < f_no; 1++) {

messages++;

/* get the number of the agent that forwards the message now */
i = f_agents[1][level % 2];
// printf("---———- >%d\n", 1) ;

for (j = 0; j < K; j++)
/* for each agent in the cache INFORM HIM */
if (ran(prob)) {
destination_agent = agents[i].cache[j];
retries = 0;

0ld_k_location = agents[i].known_location[j];

if (agents[i].known_location[j] ==
agents[destination_agent].location
|| use_replication)
/* if we push for location update

only push if the agent has not moved

if we push for replica update
then we assume that the network is always
correct (no moves)

so push can continue
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99 */
100 if (agents[destination_agent] .marked == -1) {
/* if this agent hasn’t received the message yet */
101 if (algorithm == SNOOP) /* snooping */
102 add_to_cache(destination_agent,
103 (turn + exp_time), agent,
104 new_location);
105 /* mark this agent. It will forward
the message at the next level */
106 f_agents[flooded_nodes][(level + 1) % 2] =
107 destination_agent;
108 flooded_nodes++;
109 agents[destination_agent] .marked = level;
110 agents_inf_at_each_level[level]++;
111
112
113
114
115
116 /* UPDATES */
117 if (use_replication) {
118 /*update just the replica */
119 p = agents[i].replica_head;
120 while (p != NULL) {
121 if (p—>agent == destination_agent)
122 p—>location = new_location;
123 P = p—>next;
124 X
125 } else {
126 /* update location */
127 for (k = 0; k < K; k++)
128 if (agents[destination_agent].
129 cache[k] == agent)
130 agents[destination_agent] .
131 known_location[k] =
132 new_location;
133 }
134
135
136
137 } else
138 messages++;
139
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140

141

142 } // if prob

143 } // for every agent that forwards
144 prob = prob * (1 - decay_par);

145 if (prob <= (float) 1.0 / K)

146 prob = (float) 1.0 / K;

147 f_no = flooded_nodes;

148 } // for every level
149

150

151

152 }

C.5.0.64 void replace ()

Avtixafiotd éva entrie otnyv cache xdnolov agent.

Xenowornoteitaw otov alydplfuo inverted cache 6mouv n aviixatdotaon evég entrie mpoxahel

xivnon unvuudtov.Oploude otn yeauun 48 tou apyetou inverted_cache.c.
References K, xat rep_messages.

Avagopd and simulation().

49 {
50 rep_messages += K;
51 }

C.5.0.65 void validate agents_cache (int agent, int cur_turn)
Extekel to periodic pull Tou akyopibuov snooping.
Iapduetpor:

agent notog agent Ou xdvel to meplodixd pull

cur_turn o tpéywv yYVpog.
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Avuty) 1 ouvdptnon xaleiton meplodind and xdbe agent. Ilpénel va xAnbel oe StaoTAaTa TOUL

elvar uixpdTepa and to expiration time tou snooping directory. Autéd mou xdvel elvan 6T
7 ’ ré /. /. /

otélvel unvouata pull vy xd0e cache entry tou agent dote va evnuepdoet oAdxAnen Ty

cache Tou.Optoude ot ypauun 82 tou apyelou snooping_funcs.c.

References agent, agents, exp_time, K, agent_t::known location, pull algorithm(), pull -

messages, xol agent_t::time_to_validate.

Avagopd ané validate_expired_cache().

83 {

84 int i;

85 int new_loc;

86 int tmp_mess;

87

88 tmp_mess = pull_messages;

89 pull_messages = 0;

90 agents[agent] .time_to_validate = cur_turn + exp_time;

91 for (i = 0; i < K; i++) {

92

93 new_loc =

94 pull_algorithm(agent, agents[agent].known_location[i],
95 agents[agent] .cache[i], cur_turn);
96 if (new_loc > agents[agent].known_location[i]) {

97 agents[agent] .known_location[i] = new_loc;

98

99 }

100 }

101 pull_messages = tmp_mess + pull_messages / K;

102 }

C.5.0.66 void validate_expired _cache (int cur_turn)

Evnuepdvel tnv cache 6Awv Twv agent.

Iapduetpor:

cur_turn o tpéywyv yVpog.
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Yoapdvelr 6houg Toug agents xahdvtag tnv validate_agents_cache()(oeh. 175)Oplouds ot

yeouun 112 tou apyetou snooping_funcs.c.
References agents, num _agents, agent_t::time_to_validate, xou validate_agents_cache().

Avagopd and simulation().

113 {

114 int i;

115

116 for (i = 0; i < num_agents; i++)

117 if (agents[i].time_to_validate <= cur_turn)
118 validate_agents_cache(i, cur_turn);

119 }
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[Topdetnua D

Texunplwon doumy E00UEVELY

D.1 agent_t Avagopd Aourg

Ovowotixd, auth n douy elvar o agent. Ilepiéyer mAnpogoplec Omwe 1 Twelvy) Tou Oéon,
n cache tou, 1 inverted cache (&v éyet), tov xatdroyo snooping (av vndpyet), 10 ndéoo

dInuoguArc elvat, To ToLa resources TPOGPEPEL XTA.

#include <globals.h>

IIedio Acdopéviwy

int location

H 6Géon tou.

int marked

To av ypnowuonotinxe oto push.

int flood_marks

To av ypnowuonotinxe oto pull.

float popularity
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Texpnelowor doudy dedopévey

To méoo Snuopidijc elvar.

int time_to_validate

Xenowornoteltar yia to snooping.Xe nowd turn Ga xdver poll and tnv yettovid

flood_cache * f_cache_head

To head tn¢ Alotag twv agent mov €yovue oto snooping directory uag.

flood_cache * f_cache_tail

To tail tnc Alotag twv agent mou €yovue oto snooping directory uag.

int f_cache_size

O apibudc v agent mouv €yovue oto snooping directory.

flood_cache * replica_head

Ouolwg¢ ue to agent_t::f_cache_head(oeh. 181) udvo mov agopd ouvdedeuévy Alota ue

replicas.

flood_cache * replica_tail

Ouolwg pe to agent_t::f cache_tail(oeh. 181) udvo nou agopd ouvdedeuévy Alota ue

replicas.

int replica_size

Ouolwc ue to agent_t::f_cache_size(oe). 181).

int * cache

Eéé elvar o1 K Géoeic ue tnv cache tou agent.

int * known_location

H Géon twv agent mouv Eépovue.

Optoude ot ypauurn 61 tou apyelou globals.h.
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Texunplwon Iediwy
D.1.0.67 intx agent_t::cache

E3¢ elvan o K 6éoeig ue tnv cache tou agent.
[Mpdxerton yia évay K-Sudotato nivaxa Oploude ot ypauwy) 77 tou apyelouv globals.h.

Avagopd ané final consistency(), initialize(), move_inverted(), print_graph stats(), pull -

algorithm(), push_to_network(), xow simulation().

D.1.0.68 flood _cachex agent_t::f cache head

To head tng Aotog twv agent nou €youue oto snooping directory poc.
Optoudg ot yeauur 69 tou apyelou globals.h.

Avagopd ané add_to_cache(), delete_expired_cache(), initialize(), move_inverted(), print_-
lists(), xou pull_algorithm().

D.1.0.69 int agent_t::f cache_size

O aptBudc TV agent mou €yovue o6To snooping directory.
Optoude ot ypouur 71 tou apyelou globals.h.

Avagopd ané add_to_cache(), delete_expired_cache(), initialize(), xou simulation().

D.1.0.70 flood _cache * agent_t::f cache_tail

To tail tng AMotag Twv agent mou €youvue oto snooping directory pog.
Optoudc ot ypauuy 69 tou apyetou globals.h.

Avagopd ané add_to_cache(), delete_expired_cache(), xau initialize().
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D.1.0.71 int agent_t::flood _marks

To av yenowonowifnxe oto pull.

Eowtepuxd onuddt yia va uny tov Eavayenoiuonojoovue Oplouds ot yeouuy 64 Tou op-
¥elou globals.h.

Avagopd ané clear_flood_marks(), xou pull_algorithm().

D.1.0.72 intx agent_t::known_location

H 6éon twv agent nou Eépoupe.

T %8Be évav and toug agent Touv Eépovue oo agent _t::cache(och. 181), n 6éon nov yvwpl-
Couvye 6T Bploxetat. Mropel va elvan xa AdBog av €xel petaxivniel oto evdidueco. Oploude

o Yeauuy 78 tou apyetou globals.h.

Avagopd ané final consistency(), initialize(), move_inverted(), pull_algorithm(), push_to_-

network(), simulation(), ot validate_agents_cache().

D.1.0.73 int agent_t::location

H 6éorn Tovu.
Optoude ot ypauur 62 tou apyetou globals.h.

Avagopd ané final consistency(), initialize(), move_inverted(), pull_algorithm(), push_to_-

network(), xou simulation().

D.1.0.74 int agent_t::marked

To av yenowonowinxe oto push.

Eowtepind onudde yia va unv tov Eavayenoidonotjoovue Oploude ot ypauun 63 tou ap-
¥elou globals.h.
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Avagopd ané clear_marks(), xou push_to_network().

D.1.0.75 float agent_t::popularity

To néco dnuogihrc elvar.
Optoude ot yeouur 66 tou apyelou globals.h.

Avagopd ané initialize().

D.1.0.76 flood _cachex agent_t::replica_head

Ouolwc e to agent_t::f_cache_head(och.181) ubvo mov agopd cuvdedeuévn AMota ue
replicas.

'Oty éyouye replication, QuAAdue €3¢ dhec Tic replicas mou xpatdue yLa resources GAA®Y

x6uPwv. Oploude ot ypauuy 73 Tou apyeiou globals.h.

Avagopd ané create_replica(), delete_old replicas(), pull algorithm(), push_to_network(),

xat simulation().

D.1.0.77 int agent_t::replica_size

Ouolwg ye 1o agent_t::f_cache_size(och. 181).
Optoude ot yeouur 75 tou apyetou globals.h.

Avagopd and create replica(), xou delete_old replicas().

D.1.0.78 flood_cache * agent_t::replica_tail

Ouolwc pe to agent_t::f_cache_tail(oeh. 181) udvo tou agopd cuvdedeuévrn Aot ue repli-

cas.

'Otav éyouye replication, QuAAdue €8¢ dheg Tig replicas mou xpatdue yla resources dAAwY
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x6uPowv. 'Otay éyouue replication, guiidue €3¢ dheg Tig replicas mov xpatdyue yio resources

GV x0uBwv. Oplouds oty ypouun 73 Tou apyetou globals.h.

Avagopd and create_replica(), xou delete_old _replicas().

D.1.0.79 int agent_t::time_to_validate

Xenowornoteltan yia To snooping.Xe motd turn Oo xdver poll and v yeitovd
Optoude otn ypauur 68 tou apyelou globals.h.
Avagopd ané initialize(), validate_agents_cache(), xou validate_expired_cache().

H texunpilwon v autr 1 Soun dnutovpyrifinxe ano to axdéioubo apyeto:
e globals.h
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D.2 flood cache_t Avagopd Aourc

[Tpéxerton Yoo cuvdedepévn Mota otnyv omola anobrnxedouue To snooping directory xou to
inverted directory tou »xdbfe agent. 'Etol éyel mhnpogopleg yia Tov Tolov agent agopd, tnv
O¢on nouv udbayue, oe o yOpo Ajyel 1 TAnpogopla auth) xTA. Eniong yenowonoteiton xon yio

Ta replicas.

#include <globals.h>

IIedio Acdopévwy
e int agent

O agent tov onolo agopd n mAnpogpopla.

e int location

H Géon tov agent mov udfaue.

e int expire

Xe mot6 turn Affyer n cache auti (Ga mpéner va Siaypapel).

e flood_cache_t * next

To enduevo otoyelo, yia va ptiaybel n ovvdedeuévy Alota.

Aentopeprc Ileprypap

Ipoowpivi cache mou xpatd o xdbe agent xou apopd locations nov éuabe xatd to push/pull.
Yuvdedeuévn Alota mou ypnoluonoleital Yo To snooping xat yia to replicas.

[Mo mapddetyua, xdbe opd mou uag épyetal éva snooping uivuua Tou agopd tny Béorn evig
agent, anolnxedouvue v Béon auty oty Aota uéypet va Aféet to expiration time flood_-

cache_t::expire(oe). 186)
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Optoude ot ypouur 52 tou apyelou globals.h.

Texpnplwon Iedlwy

D.2.0.80 int flood_cache_t::agent

O agent tov omolo agopd n TAnpogopta.
Optoude ot ypauur 53 tou apyelou globals.h.

Avagopd ané add_to_cache(), create_replica(), move_inverted(), pull_algorithm(), push_to_-

network(), xou simulation().

D.2.0.81 int flood_cache_t::expire

Ye noté turn Afyet n cache avtd (Ba mpénet vo Srarypocpet).
Optoude ot ypauur 55 tou apyelou globals.h.

Avagopd ané add_to_cache(), create_replica(), delete_expired_cache(), delete_old_replicas(),

xa print_lists().

D.2.0.82 int flood_cache_t::location

H 6éom Ttou agent mou udboue.
Optoude otn ypauur 54 tou apyelou globals.h.

Avagopd and add_to_cache(), create replica(), pull_algorithm(), push_to_network(), o

simulation().

D.2.0.83 struct flood_cache_tx flood_cache_t::next

To enéyevo otolyelo, yia va @uiaybel n cuvdedeuévn Aota.
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Optoudg ot ypouur 56 tou apyeiou globals.h.

Avagopd ané add_to_cache(), create_replica(), delete_expired_cache(), delete_old_replicas(),

move_inverted(), print_lists(), pull_algorithm(), xow push_to_network().

H texunpiwon yia autr 1 Soun dnutovpyninxe ano to axdhoubo apyelo:
e globals.h
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[opdptnua E

Texunplwon apyelowy

E.1 globals.h Avagopd Apyeiou

[Tepiéyel 6Aeg tig global petaffintéc nou ypnowonolobvton otov simulator.
#include <stdio.h>

#include <stdlib.h>

Aougc Acdouévemv

e struct flood_cache_t
Ilpoowpivij cache mov xpatd o xdbe agent xou agopd locations mou Euabe xatd to
push/pull.

e struct agent_t

H Souij mov nepiéyet 6Aeg tic mAnpogopies mou ypeidletar évac agent.
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Ogiop.ol

e #define num_agents 1000

O apifudc twv agent mov €yovue oto aloTnua.

e #define max_flood _level 20

To uéyioto flood level mou umopodue va ypnowwonotjoovue and tous aAyoplGuouc uac.

Ogtopol Tonwy

e typedef flood_cache_t flood_cache

Ilpoowpivij cache mou xpatd o xdbe agent xai agopd locations mou Eualle xatd to

push/pull.

e typedef agent_t agent

H Souij mov mepiéyet 6Aec tic nAnpopopies nmov ypeidletar évag agent.

Arnoplbunoelg

e enum { PLAIN PUSH, SNOOP, LEASING }

Ta ovéuata twv Baoixdy alyop(Guwy.

YuvapTNoELS

e int ran (double probability)

Yuvdptnon nov emiotpéper 1 ue Soouévy mbavétyra.
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e float final consistency (int turn)

Yrodoyilet o nocooté twv Eyxupwy cache entries.

e void create_replica (int to_agent, int expr, int agent, int location)

Pridyver replica utag ntAnpogoplag o xdnowov agent.

e void add_to_cache (int to_agent, int expr, int agent, int location)

Pridyvel eva snoopig entrie oc xdrolov agent.

MeTof3AnTéc

e enum { ... } alg types

Ta ovéuata twv facixdy alyoplGuwmy.

e float exp_time

O ypdvog oc turns otov onolo Afjyet To snooping entry.

e int algorithm

O alydptbuoc mou ypnowuomoleltar autTy TV OTLYUT.

e double p_change

IIi6avotnra va yiver aAdayyj otyv cache xdmoiov agent oe xdbe yUpo.

e float p_move

IIiavotnra va uetaxivnlbel évac agent oe xdfe yUpo.

e double p_pull

IiGavétyra va extedéoovue on-demand pull oe xdfe yUpo.

o int K

To uéyeboc tnc cache.
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e float per_cache

To mooooté twv agent mou undpyovy otny cache.To K mpoxUnter and autd.

e float percentage _of popular_agents

To mocooté twv agent mou elvar dnuognleis.

e float popularity
To néoo Snuopnleic elvar or Snuopnielc agents.

e int turns

O apifudc twv turns tov simulation.

e int f no

e int f agents [num_agents][2]

e int f pull no

e int f pull agents [num agents||[2]
e float inv_cache_percentage

e agent agents [num _agents]

O Baoixde nivaxac mov meptéyet Ghovg toug agents tou ovothuatos (Selxtec oty Soud
agent(och. 196) ).

e int messages

Kpatd tov aptbué unvuudtoy tov push udvo.

e int pull_messages

Kpatd tov aptfué unvuudtwy tov pull uévo.

e int pull_level found

Eb8é anobfnxevetar to Bdboc (oo path) oto onolo Beébnxe n nAnpopopia xatd to pull.

e int rep_messages

Mnviuara nov ypetdotnxayv yia cache replacement.
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int moves

Aptbuds uetaxivijoewy mov Eywvay xata tyv didpxeia tov simulation.

int pulls

Aptbude pull mou €yivay xata tnv Sidpxeia Tou simulation.

int av_dir_size

Méoo uéyefoc snooping directory.

int agents_inf at_each_level [max flood_ level]

Kpatde: otatiotixd yia to néoot agents evyuepsnxay oe xdbe Bdboc tov push.

int pull_found_at_each_level [max_ flood level]

Z Z e 7 Z Z
Kpatde: otatiotixd yia to néoot agents epwtidnxay o xdbe Bdboc tou pull.

int pulls_performed

O apifudc tov pulls mov éyivay xata tnv Sidpxeta Tov simulation.

FILE x f_cache

s z 7 7 -
Apyelo anobixevons otatiotixdyv: toocooté valid cache.

FILE * f mes

Apyelo anoOixecuone otatioTixdy: aplués unvnudtwy.

FILE x f dir_size

Apyelo anobixevonc otatiotixdy: uéoo uéyefoc xatadyou snooping.

FILE x f levels

Apyeio anolnxevonc otatiotixdyv: néoa pulls anavridnxay oe xdbe level 1j xar dev Bpé-

Onxe owotyj andvryor.

float * val_to_test
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Ytov deixty avté Balovue Ty mapduetpo mou GéAovue va ueAEToOUUE.

float 1_bound

H apyixii i tye napauétoov, ue auti Ga Eexwvijoet to simulation val_to_test(oeh. 158).

float up_bound

‘Otav grdoovue oe auti v T otauatdue to simulation val_to_test(oe. 158)

float incr

H rapduetpoc avédvetar xatd téoo oc xdbe xUxio arno turns val_to_test(oeh. 158).

int * levels

int use_replication

Av Oa yonowuoroinbel replication 1 Syt.

int replica_time

IIé00 ypdvo Oa xpatdue ta replicas.

double p_replicate

H mbavorpra va xdvovue replicate o ovyxexpiuévo xdupfo touv path.

int maximum _level

To uéyioto Bdboc tov push.

int maximum_pull_level

To uéyioto Baboc tov pull.

float decay_par
H rapduetpos decay.

int do_pull

Av Ba yivovrar on-demand pulls.
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e int pull decay _par

To decay xatd to pull.

e float replace_prob

H mbavétpra va mpofolue oc aviucatdotaon oe xdbe yUpo.

Aentoueprc Ilepiypap

ITepiéyer OAeg tig global petafSAntéc mou yenowwonoodvtar otov simulator.

Ou petafintéc agopolv mapauétpoug tou simulation, eowtepixéc Souéc yia TNy Aettovpyla

Tov, LETABANTEC TOU XEATAY GTATLOTIXE XTA.
)

Optoudg oto apyeto globals.h.

Texunplwon Opltowdy
E.1.0.84 #define max flood level 20

To uéyioto flood level mou ynopolue va ypnowwonotoouue and toug alyoplbuoug uac.
Ovotaotind ypnowwonoteitar yio vo SnAdoouue otatixols Tivaxes.

Ilpoeldonoinon:
To péyeboc tou flood yia Touc alyopiBuouc push/pull tpéret va elvon wixpdtepo yia va

unv éyovue segmentation faults

Optoude otr ypauuy) 16 tou apyeiou globals.h.

E.1.0.85 #define num_agents 1000

O aptbude TV agent mou €yovue oto cloTnua.
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Optoude ot ypouur 13 tou apyelou globals.h.

Avagopd ané clear flood_marks(), clear_marks(), delete_expired _cache(), delete_old -
replicas(), destroy_graph(), final consistency(), initialize(), print_G(), print_graph_stats(),

print_lists(), simulation(), xo validate_expired_cache().

Texpnplwon Oploudy Tinwy
E.1.0.86 typedef struct agent_t agent

H Soun mou mepiéyet dhec Tic TAnpogopleg mou ypetdleton évag agent.

Avagopd ané add_to_cache(), create_replica(), move_inverted(), push_to_network(), xou val-

idate_agents_cache().

E.1.0.87 typedef struct flood _cache_t flood_cache

[Ipoowptvi cache Tou xpatd o xdbe agent xou apopd locations nov éuafe xatd to push/pull.
Yuvdedeuévn Alota mou ypnolwonoteital yia To snooping xau yta To replicas.

[No mapdderyua, xdbe @opd mou upag €pyetal €va snooping unvuua mouv agopd Ty Béon evég
agent, anofOnxedovue Ty Béon auth oty Aota péypet va Ai&et to expiration time flood_-
cache_t::expire(och. 186)

Avagopd ané add_to_cache(), create replica(), delete_expired_cache(), delete_old replicas(),

move_inverted(), print_lists(), pull_algorithm(), xow push_to_network().

Texunelwon Anoplburoswy
E.1.0.88 anonymous enum

Ta ovépata Twv Bacixdv alyoplbuwy.

Oétovtag auth TNV TIh emAEYETAL O XATAAANAOC ahybpLBuog
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Twég AnoplBunocwy:
PLAIN_PUSH

SNOOP
LEASING

Optoudc ot yeauuy 19 tou apyetlou globals.h.

19 { PLAIN_PUSH, SNOOP, LEASING } alg_types;

Texunplwon MetafAntoHv
E.1.0.89 agent agents[num_agents]

O Baowde mivaxac mou mepéyel 6houg Toug agents tou cuotiuatog (deixtec oty doun
agent(oe. 196)).

Optouédg ot yeouur 111 tou apyelov main.c.

Avagopd anéd add_to_cache(), clear_flood marks(), clear_marks(), create_replica(), delete_-
expired_cache(), delete old replicas(), destroy graph(), final consistency(), initialize(),
move_inverted(), print_G(), print_graph stats(), print_lists(), pull_algorithm(), push_ to_-

network(), simulation(), validate_agents_cache(), xou validate_expired_cache().

E.1.0.90 enum { ... } alg types

Ta ovopata twv Bacxdy ahyoplOunmy.

©¢tovTtag auTh TNV T EMAEYETAL 0 XATAAANAOC ahybpLBuog

E.1.0.91 int f agents[num agents][2]

Avagopd ané push_to_network().
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E.1.0.92 int f no

Avagopd ané push_to_network().

E.1.0.93 int f pull agents[num_agents]|[2]

Avagopd and pull algorithmy().

E.1.0.94 int f_pull_no

Avagopd and pull algorithmy().

E.1.0.95 float inv_cache_percentage

Optoude otn ypouun 116 tou apyelov main.c.

Avagopd and move_inverted(), print_graph stats(), xou set_simulation_parameters().

E.1.0.96 intx* levels

Optoude ot ypouur 82 tou apyelov main.c.

Avagopd and simulation().
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E.2 inverted _cache.c Avagopd Apyeiou

Yuvaptrioelg Tou ypeldlovtal yia Tov alydplfuo inverted cache.

#include "globals.h"

YuvapTioEeLg

e void move _inverted (int agent)

Meraxivel évav Soouévo agent oe véa Géo.

e void replace ()

Avtixabiotd éva entrie otnv cache xdrowv agent.

Optoudc oto apyeto inverted_cache.c.
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E.3 main.c Avagopd Apyelou

#include <stdio.h>
#include <stdlib.h>
#include <time.h>

#include "globals.h"
Ogiop.ol

e F#define num_agents 1000

YuvopthoeLg

e int main ()

MetafAntég

e float exp_time

O ypdvog oe turns otov onolo Afjyel To snooping entry.

e int algorithm

O alybpibuoc mou ypnowuormoteltar qutij TRV OTLYUY.

e double p_change

IIiGavitnra va yiver aldayij otyv cache xdnowouv agent oe xdbe yUpo.

e float p_move

IBavétyra va uetaxivybel évac agent oe xdbe yUpo.

Acovtiddng Hilog
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e double p_pull

IIifavotnra va extedéoovue on-demand pull oe xdbe yipo.

o int K

To uéyeboc tnc cache.

e float per_cache

To mocooté twv agent mou urdpyovy otyv cache.To K mpoxUnter and autd.

e float percentage_of popular_agents

To roocooté twv agent mou elvar Snuopnlelc.

e float popularity
To néoo Snuognleic elvar ot dnuopnleic agents.

e int messages

Kpatd tov aptbud unvuudtwy tov push uévo.

e int pull_messages

Kpatd tov aptbué unvuudtoy tov pull uévo.

e int pull_level found

Eb8é anobpxebetan to Bdboc (oo path) oto onolo feébnxe n nAnpopopia xatd to pull.

e int rep_messages

Mnviuara rov ypeidotnxav yia cache replacement.

e int moves

Aptbuds uetaxivijoewy mov €ywvay xata tyv didpxeia tov simulation.

e int pulls

Aptbude pull mou €yivay xata tnv Sidpxeia Tou simulation.
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int av_dir_size

Méoo uéyefoc snooping directory.

int agents_inf at_each_level [max flood level]

Kpatdel otatiotixd yia to néoot agents evnuepdtnxay oc xdbe Baboc tov push.

int pull found_at_each level [max flood level]

Kpatdel otatiotixd yia to néoot agents epwtiinxay oe xdbe Bdboc tov pull.

int pulls_performed

O apibudc twv pulls mov éywvay xata tny Sidpxeia Tou simulation.

FILE x f_cache

Apyeio anobixevone otatiotixdy: tocooté valid cache.

FILE * f_mes

Apyeio anobixevone oTaTioTixdy: apiOuos unvnuaToy.

FILE x f _dir_size

Apyelo anobixevons otatiotixdy: uéoo uéyebos xataldyou snooping.

FILE x f levels

Apyeio anobijxevone otatiotixdy: néoa pulls anavrifnxay oe xdbe level 1 xau dev Boé-

Onxe owoty andvtnor.

float * val_to_test

Ytov Selxty avtd Bdlovue tnv napduetpo nov Gédovue va ueAEToOVUE.

float 1_bound

H apyixii i tyc napauétoov, ue auti Ga Eexwvioe: to simulation val_to_test(oeh. 158).

e float up_bound
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‘Otayv grdoovue oe auty Ty T otauatdue to simulation val_to_test(oeh. 158)

e float incr

H rapduetpoc avédvetar xatd téoo oe xdbe xUxio ano turns val_to_test(oeh. 158).

e int turns

O aptbucc twv turns tou simulation.

e int x levels

e int use_replication

Av Oa ypnowonoinbel replication 1 dyt.

e int replica_time

II600 ypdvo Oa xpatdue ta replicas.

e double p_replicate

H mbavornra va xdvovue replicate oe ovyxexpiuévo xdufo touv path.

e int maximum level

To uéyioto Bdbog tou push.

e int maximum_pull_level

To uéyioto Bdboc tou pull.

e float decay_par
H rapduetpoc decay.

e int do_pull

Av ba yivovrar on-demand pulls.

e int pull_decay_par

To decay xatd to pull.
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e float replace_prob

H nibavoryra va npoBolue oe avtixatdotaoy oe xdbe yUpo.

e agent agents [num agents]

O Baoixde nivaxac mov mepiéyel Ghovg toug agents tou ovothuatog (Selxtec otyv Soud
agent(oeh. 196) ).

e float inv_cache_percentage

Texpnplwon Opltoudy
E.3.0.97 #define num_agents 1000

Optoude ot ypouun 7 Tou apyelou main.c.

Texunplwon Xuvaptioemy
E.3.0.98 int main ()

Optoude otn ypouun 125 tou apyelov main.c.

126 {

127

128 set_simulation_parameters();
129 batch_run();

130

131 printf("\n");

132 system("pause") ;

133

134 return O;

135 }
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Texpnplwon MetafAnTdy
E.3.0.99 agent agents[num_agents]

O Baowxée mivaxag mou mepéyel Ghoug Toug agents Tou cuoThuatog (deixtec oty doun
agent(oeh. 196)).

/** @} Optoude otn ypouun 111 tou apyeiov main.c.

Avagopd anéd add_to_cache(), clear_flood marks(), clear_marks(), create_replica(), delete_-
expired_cache(), delete old replicas(), destroy_graph(), final consistency(), initialize(),
move_inverted(), print_G(), print_graph stats(), print_lists(), pull_algorithm(), push_to_-

network(), simulation(), validate_agents_cache(), xou validate_expired_cache().

E.3.0.100 float inv_cache_percentage

Optoudg ot yeouur 116 tou apyelov main.c.

Avagopd and move_inverted(), print_graph_stats(), xou set_simulation_parameters().
E.3.0.101 intx levels

Optoude otr yeauuy 82 tou apyelou main.c.

Avagopd and simulation().
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E.4 net funcs.c Avagopd Apyelou

To apyelo autd TEQLEYEL GUVAPTHOELS TTOL APOPOVY TNV XATACKELY| XAl TNV GUVTHENOCT TOU

duxtVou Twy agents.

#include "globals.h"

YuvapToELS

e int ran (double probability)

Yuvdptnon nov emotpépel 1 ue Soouévy mbavéryra.

e void print_G ()

Turdver Tov yedgo twv agent.

e void initialize ()

Apyixormoiel Tov ypdgo.

e void destroy_graph ()

Kataotpéper tov ypdgo twv agent (free memory).

e void print_graph stats ()

Turndver otatioTixd yia Tov ypdpo uag.

e void print_lists (int cur_round)

Tundver Aloteg ue yeltoves yia xdbe agent.

Optoudg oo apyelo net_funcs.c.
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E.5 pull.c Avagopd Apyeiou

Yuvaptroelg ou ypewdlovtal yia Tov alydetbuo pull.

#include "globals.h"

YuvapTioELg

e void clear flood marks ()

Kabopiler ta onuadia nov Bdlovue xatd tnv Sidpxeia tov adydpibuov pull.

e int pull algorithm (int sour_agent, int known_location, int dest_agent, int turn)

O alyépifuog pull.

Optoudc oto apyeto pull.c.
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E.6 push.c Avagopd Apyeiou

Yuvaptioelg mou ypetdlovtal yia Tov akydplfuo push.

#include "globals.h"

YuvapTnoELS

e void clear marks ()

Kabapilet ta onuadia mov Bdlovue xatd tnv Sidpxeia tov adydpibuov push.

e void push_to_network (int agent, int turn)

O adydpibuocs pull.

Optoudc oo apyelo push.c.
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E.7 replication.c Avagopd Apyeiou

2UVAPTHOELS TOU APOPOVY TOV YELPLOUS TWV AVILYPAPOV.

#include "globals.h"

YuvapTioEeLg

e void delete_old replicas (int cur_round)

YiBiver ta madid replicas.

e void create_replica (int to_agent, int expr, int agent, int location)

Pridyver replica uiag ntAnpopoplag oc xdnowov agent.

Optoudc oto apyeto replication.c.
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E.8 simulation.c Avagopd Apyelou

[Tepiéyel Tig ouvapTHoelg Tou evopyNoTe®dyouy To simulation.

#include "globals.h"

YuvapTnoELS

e void set_simulation_parameters ()

Ytny ouvdptnon auty Spldvovue Tic Tiés mou Bédovue va Géoovue oc xdlbe mapdueTeo

yta to simulation.

e void simulation ()

Toéyet to simulation yia évay apiOud aro turns xpatdvtag otatiotixd Ilpdxettar yio To
loop mou Eexwvd and tov apyixomoinuévo yodpo xar Teéyel To melpaua yia Evay aptfud

and turns(oel. 157).

e int batch run ()

Kalel tpv simulation()(oeh. 153) yia xdfe Tuf tov range tn¢c napauétpoouv val_to_-
test(oe). 158) nov Gédovue va eéetdoovue.

Aentopeprc Hepuypop

Me v ypron Twv ntapaxdte cuvaptioeny to simulation yivetou ue évayv autoyatonoinuévo
/ Ve /. . . 7 z

Teémo. AmAd dnAdvouue otnv set_simulation_parameters Tic Tiwéc TwV TAPAUETEWY TOUL

Béhoupe va xpathoovue otalepés xau xdnolo range uiag UeTABANTrG mou Béhouue va e&eTd-

OOVUE o PETE avahapBdver autduata va Tpédet to simulation yio x&fe Ty Tou range (xow

Yo évay optBud ano turns) xat vo xpotoEL GTATLOTLXG.

Optoudc oo apyelo simulation.c.

Acovtiddng HAlog Havemotiuto Inavvivey, Tudua ITIAnpogopuxrig



E.9 snooping_funcs.c Avagopd Apyeiou 211

E.9 snooping funcs.c Avagopd Apyelou

YuvapTrioelg Tou ypeldlovtal ylo To snooping.

#include "globals.h"

YuvapTioEeLg

e void delete_expired_cache (int cur_round)

JBiver ta expired snooping cache entries.

e void add_to_cache (int to_agent, int expr, int agent, int location)

Pridyver eva snoopig entrie oc xdrolov agent.

e void validate _agents_cache (int agent, int cur_turn)

Extelel to periodic pull tov adyopiBuov snooping.

e void validate_expired_cache (int cur_turn)

Evnuepdver typv cache éAwv twv agent.

Optoudc oto apyelo snooping_funcs.c.
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E.10 statistics.c Avagopd Apyelou

ITepiéyer ouvaptioeig mou Bonboldv otV CUYXEVTEPWOT), TOV UToAOYLOUS Xal TNV anobrxevon

OTOTLOTIXOV.

#include "globals.h"

Y uVapTNOoELS

e float final consistency (int turn)

Yroloyilet o mocootd twy éyxupwy cache entries.

e void initialize stats ()

Apyixomoiel tic Soués xal ta apyela mov xpaToUY T OTATIOTIXE OTNY Ap)).

e void stats_initialize round ()

Apyixornoiel Tic douéc xar ta apyeia mov xpatoly Ta oTaTLoTIXd XdbOE Popd TOU TEEyouue

to simulation yia Siagopetixy Ty oto range mov xiwveltar n val_to_test(oel. 158).

e void stats_finalize round ()

Xvo tédoc xdbe simulation (téAoc twv turns(oe). 157)) yodypet ta otatiotixd ota apyela.

Optoude oo apyelo statistics.c.
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